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PREFACE 

These  essays  have  been  prepared  from  notes  of  leetnres 
delivered  to  senior  students,  and  are  intended  only  for  those 
who  have  completed  an  elementary  course  of  organic  chemistry. 

Their  publication  is  the  result  of  an  annually  recurring 
demand  from  my  class  for  a  suitable  book  having  reference  to 
the  lectures,  which  the  laiger  text-book  of  organic  chemistry 
does  not  exactly  meet^  and  it  seemed  to  me  that  what  was 
needed  by  my  own  students  might  be  welcome  ebewhere. 

Although  the  usual  text-book  anangement  has  obvious  and 
unquestionable  advantages  for  the  beginner  who  requires  to 
doebei  and  pigeon-hole  his  facts  on  some  simple  system,  these 
advantages  are  lost  on  the  advanced  student  in  the  same  sense 
that  the  interest  of  a  story  for  one  who  had  leamt  to  read 
would  be  destroyed  by  rearranging  all  the  words  as  different 
parts  of  speech. 

No  essential  difference  is,  as  a  rule,  to  be  found  between  the 
elementary  and  advanced  text-book  except  that  of  quantity,  yet 
when  a  knowledge  of  the  principles  of  classification  and  of  the 
properties  of  fundamental  groups  has  been  acquired,  the  mere 
enumeration  and  description  of  more  compounds  cannot  be 
regarded  as  marking  a  real  advance.  In  my  own  senior  class 
I  have  attempted  to  present  the  subject  somewhat  in  the 
manner  in  which  it  has  naturally  developed.  I  have  selected 
a  series  of  chapters  dealing  with  different  topics,  and  have 
elaborated  these  topics  as  far  as  possible  in  conformity  with 
their  actual  history — in  other  words,  I  have  subordinated 
systematic  classification  to  the  development  of  general  principles 
and  to  the  study  of  structure. 

The  success  of  the  series  of  monographs  on  chemical  subjects 
which,  under  the  title  of  Ahrerasf  Vofirdge^  have  appeared  in 
Germany,  where  there  is  no  dearth  of  first-rate  text-books, 
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enoonrftges  my  belief  in  the  value  of  this  mode  of  treatment. 
It  simply  means  that  as  science  grows  it  divides  and  subdivides, 
and  these  subdivisions  become  the  objects  of  special  study.  As 
study  becomes  specialized  in  this  way,  so,  I  am  convinced,  will 
advanced  teaching,  and  this  conviction  must  justify  the  present 
departure  from  the  traditional  system  of  classification* 

This  book  is  not  in  any  sense  a  book  of  reference.  It  covers 
a  limited  area  of  organic  chemistry,  and  even  this  is  incom- 
pletely surveyed.  On  the  other  hand,  though  the  topics  are 
restricted  in  number,  they  command  collectively  a  fairly  wide 
range  of  the  more  important  divisions  of  the  subject. 

In  conclusion,  I  have  to  acknowledge  the  generous  assistance 
of  my  friend  and  former  colleague  Dr.  H.  D.  Dakin,  especially 
in  connection  with  the  chapters  on  Fermenitatwn^  The  Purine 
Oroup  and  The  ProteiTis,  and  also  of  Prof.  A.  Smithells  and 
Dr.  H.  M.  Dawson,  who  have  helped  me  on  many  occasions 
with  valuable  suggestions. 

J.  B.  COHEN. 

The  Uniyebsitt  of  Leeds, 
Jidy,  1907. 
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OKGANIC  CHEMISTRY 

CHAPTER    I 

HISTORICAL  INTRODUCTION 

TIm  Badicml'  of  B«iiioio  Aeid.  In  the  year  1882  Liebig  and 
Wohler  published  their  chissieal  memoir,  entitled,  '  Experiments  on 
the  Radical  of  Benzoic  Acid '.' 

Viewed  in  the  light  of  our  present  knowledge  there  is  nothing 
Tsiy  remarkable  in  the  facts  which  they  discovered.  Starting  with 
Utter  almond  oil,  which  we  now  term  hemcHdehydey  they  conyerted 
it  by  the  action  of  chlorine  and  bromine  into  benzoyl  chloride  and 
tffomide.  Benzoyl  chloride  treated  successively  with  potassium 
iodide  gave  benzoyl  iodide ;  with  ammonia^  benzamide ;  with  lead 
sulphide,  benzoyl  sulphide ;  with  mercuric  cyanide,  benzoyl  cyanide 
and  with  alcohol,  benzoic  ether.  Bitter  almond  oil  had,  moreover, 
been  found  by  Stange  (1824)  to  undergo  rapid  oxidation  in  the  air 
and  to  be  transformed  into  an  acid— benzoic  acid — identical  with 
the  substance  derived  from  gum  benzoin. 

Such  is  briefly  the  substance  of  the  investigation  to  which  the 
following  introduction  is  attached.  '  When  a  chemist  is  fortunate 
enough  to  perceive  one  ray  of  light  penetrating  the  dark  region  of 
oiganic  nature,  which  may  mark  the  entrance  to  the  right  path 
of  future  knowledge,  he  has  reason  to  feel  encouraged,  although 
conscious  of  the  vastness  of  the  field  which  lies  before  him.' 

In  order  to  realize  the  importance  of  a  memoir  which  created 
a  profound  impression  among  contemporary  chemists,  and  was 
welcomed  by  Berzelius  as  '  the  dawn  of  a  new  day ',  we  must  take 
a  g^oe  at  the  branch  of  chemistry  which  at  this  period  formed 
'  the  dark  region  of  oiganic  nature '. 

Origin  of  the  Railieal  Theory.  If  we  turn  to  Lemery's  Cours 
de  Chjfmie,  which  was  the  popular  text-book  from  1675  down  to  the 
middle  of  the  eighteenth  century,  we  find  all  known  substances 

^  It  is  an  mteresting  and  earious  fact  that  with  admittedly  *  little  to  recom- 
mend it '  {Trans.  CUm.  8oc,  1905,  87,  548)  the  Chemical  Society  of  Great  Britain 
has  seen  fit  to  alter  the  original  spelling  to  *  radicle  %  and  the  Society  now  holds 
the  unique  position  of  being  the  only  representative  body  of  chemists  which 
has  adopted  this  spelling. 

«  Uebig's  Afmaien,  1882,  8,  249 ;  Ostwald's  Klassiker,  No.  28. 
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distributed  according  to  their  origin  between  the  mineral,  vegetable 
and  animal  kingdoms.  Under  the  two  divisions  of  vegetables  and 
animals  occur  the  names  of  substances  which  have  been  known 
from  remote  times,  such  as  sugar,  starch,  fats  and  oils,  gums  and 
resins.  By  the  process  of  distillation  alcohol  had  been  obtained 
from  fermented  liquids,  acetic  acid  from  vinegar,  tur}>entine  from 
resin,  and  various  sweet  scented  oils  from  plants.  Vegetable 
colouring  matters  were  employed  in  dyeing,  and  oils  and  fats  in  the 
production  of  soap.  Extracts  of  cinchona  bark,  opium  and  other 
vegetable  substances  were  used  in  medicine.  Towards  the  dose  of 
the  eighteenth  century  Scheele  isolated  and  clearly  distinguished  the 
acid  principles  present  in  various  vegetable  and  animal  products. 
He  found  malic  acid  in  apples,  citric  acid  in  lemons,  oxalic  acid  in 
wood  sorrel,  gallic  acid  in  galls,  lactic  acid  in  sour  milk,  and  uric 
acid  in  urina  He  also  obtained  from  olive  oil,  by  boiling  it  with 
lead  oxide,  a  sweet,  viscid  liquid,  which  we  now  know  as  glycerine. 

These  varied  products  of  animal  and  plant  life  which,  when 
ignited  took  fire,  or  when  heated  in  closed  vessels  charred  and  gave 
off  water  and  other  volatile  matters,  contained,  according  to  the 
views  of  the  phlogistonists,  more  of  the  aqueous  and  combustible 
principle  or  phlogiston,  than  mineral  substances.  They  were  termed 
organic  to  indicate  their  origin  from  living  or  organized  matter. 

With  Lavoisier's  discovery  of  the  cause  of  oxidation  and  com- 
bustion, the  element  oxygen  became  in  chemistry  very  much  what 
the  sun  is  In  our  solar  system.  The  chemistry  of  Lavoisier  was  the 
chemistry  of  oxygen.  All  compounds  were  oxides,  generaUy  simple 
oxides  of  another  element.  To  the  other  element  attached  to  oxygen 
de  Morveau  applied  the  term  haae  or  radical.  The  simple  oxides 
were  divided  into  salifiable  and  acidifiable  bases,  and  these  united 
to  form  salts.^  The  system  was  essentially  dualistic,  and  con- 
tained the  germ  of  the  theory  subsequently  developed  by  Berzelius. 
Lavoisier,  who  was  the  first  to  demonstrate  the  true  composition  of 
organic  substances,  extended  the  idea  of  radical  so  as  to  embrace 
these  compounds  (1784).  Organic  substances  which  generally  con- 
tained carbon,  hydrogen,  and  oxygen,  and  occasionally  nitrogen  and 
phosphorus,  were  regarded  as  oxides  of  a  radical,  composed  of  at 
least  two  elements,  carbon  and  hydrogen.  Sugar,  which  yielded 
oxalic  acid  on  oxidation,  was  the  oxide  of  a  hydrocarbon  radical,  and 
oxalic  acid  formed  its  higber  oxide.  The  radical  teas  purely  hypo- 
thetical.  Indeed,  so  little  ^^  ^^^  known  about  the  nature  of 
oiganic  compounds  that,  ^^^  ^^®  advent  of  the  atomic  theory, 

^  Lavoisier's  Shuf^^.   ^  Chemistryf  translated  by  Kerr,  1802, 1,  289. 
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it  was  held  to  be  doubtful  if  the  elements  composing  them  com- 
bined in  simple  atomic  proportion  and  obeyed  the  laws  of  combina- 
tion which  had  been  found  to  obtain  in  the  province  of  inorganic 
chemistry.  Organic  compounds  were  the  products  of  a  vital  Jbrce, 
not  necessarily  dependent  on  the  chemical  laws  goyeming  inert 
matter.  This  view  was  commonly  held  until  Berzelius,  in  1814,  by 
improving  the  method  of  organic  analysis,  showed  from  the  results 
of  his  analyses  of  sugar  and  some  of  the  organic  acids,  that  organic 
compounds  were  subject  to  the  ordinary  laws  of  chemical  combination. 

Berzelius  adopted  Lavoisier^s  view  of  the  nature  of  organic  com- 
pounds ;  for  in  his  Treatise  on  Chemistry  (2nd  edition),  published  in 
1817,  he  says :  'After  having  become  mora  closely  acquainted  with 
the  difference  between  the  products  of  organic  and  inorganic  Nature 
and  the  different  manner  in  which  their  constituents  are  combined 
together,  we  have  found  the  difference  to  consist  in  this:  that  in 
inorganic  Nature  all  oxidized  bodies  possess  a  stnujfie  radical^  whilst 
all  organic  substances  consist  of  oxides  of  con^potmd  radicals.  In 
vegetable  substances  the  radical  consists  usuaUy  of  carbon  and  hydro- 
gen, and  in  animal  products  of  carbon,  hydrogen,  and  nitrogen.' 

To  follow  the  history  of  organic  chemistry  from  this  point,  and  to 
realize  the  network  of  difBculties  in  which  its  votaries  became 
gradually  and  unconsciously  entangled,  it  will  be  necessary  to 
understand  the  electro-chemical  system  of  Berzelius  and  the  method 
of  notation  which  was  founded  upon  it 

The  Atomic  and  Moleonlar  Weights  of  Beneliiui.  The  dis- 
covery, in  1808,  of  Qskj  Lussac's  law  governing  gaseous  combination 
or  the  '  law  of  volumes ',  as  it  was  commonly  called,  of  Dulong  and 
Petit* s  law  (1819)  which  determined  the  relation  of  specific  heats  to 
the  combining  weights  of  the  elements,  and  of  Mitscherlich's  law  of 
isomorphism  (1820)  enabled  Berzelius,  after  a  careful  revision  of  the 
eombining  proportions  of  the  elements,  to  assign  atomic  weights 
based  upon  principles  which  we  still  recognize  and  adopt.  Thus,  if 
equal  volumes  of  elementary  gases  contain  the  same  number  of 
atoms,  the  formula  for  water  must  be  represented  by  H2O  since  two 
volumes  of  hydrogen  unite  with  one  volume  of  oxygen ;  NH3  will 
stand  for  ammonia,  and  HCl  for  hydrochloric  acid.  The  method  did 
not  involve  any  question  as  to  the  volumes  occupied  by  the  com- 
bined gas,  which  offered  a  difficulty  only  solved  later  when 
Avogadro*s  distinction  of  moldcules  constittuinteSf  and  int^grantes,  or, 
as  we  now  say,  atoms  and  molecules,  was  clearly  recognized.^     The 

^  IHe  Grundlagen  der  MofefnUartkeoriej  Ostwald'e  Klassikert  No.  8 ;  Avogadro  and 
Jkdfon,  by  A.  K.  Meldrum,  pub.  W.  F.  Clay,  Edin. 
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direct  application  of  the  law  of  volumes  was  limited  to  comparatively- 
few  elements.  A  wider  range  of  atomic  weights  was  derived  from 
the  specific  heats  of  the  metals  and  the  isomorphism  of  their  salts. 
Where  none  of  these  principles  could  be  applied  the  atomic  weights 
were  ascertained  by  the  simplest  gravimetric  relation  of  an  element 
to  oxygen  in  its  oxide.  The  atomic  weights  of  the  metals  which 
formed  basic  oxides  were  derived  from  these  oxides  which  were 
assumed  to  contain  a  single  atom  of  each  element.  Consequently 
the  atomic  weights  of  the  alkali  metals  and  of  silver  which  formed 
isomorphous  salts  with  them,  received  double  their  present  values. 
The  formulae  for  potassium  and  silver  oxide  and  chloride  were 
written  KO,  KCI2,  AgO,  AgCl2 ;  the  formulae  of  ammonia  and 
hydrochloric  acid,  originally  written  NH3  and  HCl,  were  afterwards 
doubled  by  using  the  barred  or  double  atom  thus :  NS,  =  NsHe  and 
S€l  »  H2CI2  with  the  object  of  making  them  equivalent  to  the 
atomic  veights  of  the  metals.  For  the  same  reason  Hg  was  the 
equivalent  of  1  atom  of  oxygen  and  the  formula  for  water  appeared 
afl  BO  «  H2O. 

The  series  of  atomic  weights  elaborated  by  Berzelius  with  rare 
analytical  skill  and  an  unerring  instinct,  which  guided  him  where 
principles  failed,  difiFer  little  from  the  modem  values. 

In  the  third  column  of  the  following  table  is  a  list  of  the  more 
important  atomic  weights  taken  from  Berzelius'  revised  numbers, 
which  appeared  in  1826,  oxygen  being  100.  The  fourth  column 
contains  the  figures  calculated  with  hydrogen  as  the  unit ;  in  the 
fifth  column  are  the  present  values : 


Berzelius*  numbers. 

Pres9ni 

Name. 

Formula. 

fwanhers. 

0-100 

H»l 

H-1 

Oxygen 

0 

100 

16.026 

15.88 

Hydrogen 

H 

6.289 

1.000 

1.00 

Nitrogen 

N 

88.618 

14.186 

13.93 

Sulphur 

S 

201465 

32.239 

31.83 

Phosphorus 

P 

196.155 

31.486 

30.77 

Chlorine 

CI 

221.825 

35.470 

3518 

Iodine 

I 

768.781 

128.206 

12590 

Fluorine 

F 

116.900 

18.734 

18.90 

Carbon 

C 

76.437 

12.250 

1191 

Potassium 

K 

489916 

78.515 

38.86 

Sodium 

Na 

290.897 

46.620 

22.88 

Silver 

Ag 

1851.607 

216.611 

107.12 

Calcium 

Ca 

256019 

41.030 

89.80 

Strontium     1 

Sr 

547.285 

87.709 

8694 

Barium         f 

Ba 

856.880 

187.325 

13640 

Iron              1 

Fe 

839.213 

54.363 

55.50 

Alumin/mji    / 

Al 

171167 

27431 

26.90 

Ohromioni     / 

Cr 

351819 

56.383 

51.70 
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In  a  memoir  published  in  1826, '  Sur  quelques  points  de  la  th^orie 
atomistiquey'  Dumas  ^  attempted  to  extend  the  application  of  Avo- 
gadro's  hypothesis  to  the  determination  of  both  atomic  and  molecular 
weights  from  the  densities  of  gases  and  vapours,  in  connection  with 
which  he  devised  his  well-kno«ni  niethod.  It  is  a  curious  fact  that 
he  not  only  failed  to  commend  his  method  to  the  chemical  world, 
but  ended  by  convincing  himself  of  its  futility. 

The  result  was  due  partly  to  a  clumsy  way  of  presenting  his  ideas, 
and  partly  to  the  confusion  introduced  by  the  anomalous  vapour 
densities  of  some  of  the  elements.  Dumas  set  forth  that  equal 
volumes  contain  the  same  number  of  atoms  or  molecules ;  conse- 
quently, if  one  volume  or  atom  of  hydrogen  unites  with  one  volume 
or  atom  of  chlorine  to  form  two  voltunes  or  atoms  of  hydrochloric 
add,  the  original  atoms  of  hydrogen  and  chlorine  are  divisible 
into  half  atoms  of  each  element.  A  half  atom  of  oxygen  must 
for  the  same  reason  be  present  in  the  atom  of  water  and  so  forth. 
Though  Dumas,  no  doubt,  clearly  distinguished  between  his 
physical  atoms  or  molecules  and  his  chemical  or  half  atoms,  the 
subdivision  of  the  atom  implied  a  contradiction  in  the  term  and  did 
not  £Eal  to  call  forth  criticism.  As  Dalton  said,  '  No  man  can  split 
an  atom.' ' 

But  this  was  not  all.  Dumas'  atomic  weight  for  silicon, 
which  he  correctly  interpreted  from  the  vapour  density  of  the 
chloride,  differed  from  the  number  obtained  by  Berzelius,  who 
derived  it  from  the  oxide,  written  SiOg  from  its  analogy  with  SOs, 
OrOg,  &C.  The  atomic  weight  of  mercury,  determined  from  the 
vapour  density  of  the  metal,  was  half  ttiat  assigned  by  Berzelius 
from  its  specific  heat  Finally,  the  anomalous  vapour  densities  of 
phosphorus,  sulphur,  and,  as  Mitscherlich  found  later,  arsenic, 
gave  atomic  weights  which  conflicted  with  those  previously  derived 
by  Dumas  himself  from  the  vapour  densities  of  their  hydrides  and 
chlorides  and  shook  his  confidence  in  his  own  method. 

Berzelius'  system  of  atomic  weights  also  had  its  critics.  As  we 
have  seen,  doubt  had  been  thrown  by  Dumas  on  the  validity  of 
the  law  of  volumes.  The  atomic  weights  of  several  of  the  elements 
which  were  derived  from  the  specific  heats  did  not  conform  to  the 
atomic  weights  deduced  from  the  law  of  isomorphism ;  for  example, 
the  isomorphism  of  the  silver  salts  and  those  of  the  alkalis  fixed 
the  atom  of  silver  at  216,  whilst  its  specific  heat  gave  the  number 
108.    Hitscherlich's  law  itself  was  not  free  from  objection,  inasmuch 


*  Arm,  Oiim.  Phys,,  1826,  88, 887. 
'  Mtmoirs  qfD<iUon,  by  Dr.  Henry. 


6  ORGANIC  CHEMISTRY 

as  the  existence  of  dimorphous  substances  left  the  choice  in  some 
cases  doubtfuL 

The  principles  which  served  Berzelius  for  his  determinations 
gradually  fell  into  discredit. 

Omeliii's  EqiiiTalents.  Leopold  Gmelin,  the  author  of  the 
classical  treatise  which  bears  his  name,  suggested  a  reversion  to 
the  system  of  equivalentSf  a  term  introduced  by  Wollaston  in  1808. 
It  represented  the  simplest  gravimetric  relations,  without  reference 
to  the  law  of  volumes,  and  received  strong  support  from  Faraday's 
newly  discovered  electrolytic  law  (1882). 

The  old  and  new  systems  were  easily  reconciled  by  using  the 
barred  or  double  atom  of  Berzelius,  and  appeared  side  by  side  for 
many  years  without  giving  rise  to  confusion,  until  the  double  atom 
eventually  disappeared.  Kolbe  was  one  of  the  last  to  use  the 
barred  atom  of  Berzelius,  which  he  abandoned  about  1850  in  favour 
of  the  equivalent  notation. 

The  following  formulae  for  water,  hydrochloric  acid,  ammonia^ 
and  phosphoric  oxide,  represent  the  original  and  modified  notation 
of  Berzelius  and  the  corresponding  equivalent  notation  of  Omelin : 

Berzelius        ( original  formula  H^O  HaCij  N^He  T^O^ 

(H » 1 ;  O  -  16)  ( modified      „  fiO  fi61  iffis  FO^ 

Gmelin  equlTalent  „  HO  HCl  NH,  PO.; 

(H  -  1 ;  O  «  8) 

Henceforth,  densities  of  volatile  organic  compounds,  though 
frequently  determined  with  the  object  of  controlling  analytical 
results,  never  served  as  a  means  of  ascertaining  molecular  weights 
until  many  years  had  elapsed,  when  Gterhardt  and  Laurent  revived 
the  hypothesis  of  Avogadro  and  Ampere.  The  aggregate  weight 
of  the  atoms  might  correspond  to  one,  two,  or  a  multiple  of  two 
volumes  of  the  vapour  compared  with  one  volume  of  hydrogen* 

The  formulae  for  chloral  C4CleH2029  chloroform  CjH^Cley  alcohol 
C4H]202,  and  acetic  ether  C8Hie04,  corresponded  to  four  volumes, 
whereas  those  for  ether  C4H10O,  oxaUc  ether  C0H10O4,  and  succinic 
ether  CgH]404,  corresponded  to  only  two  volumes.  It  was  left  to  the 
choice  of  the  investigator  to  select  an  appropriate  molecular  formula. 
We  shall  presently  see  how  the  confusion,-  which  arose  from,  the 
absence  of  any  recognized  method  for  fixing  molecular  weights, 
resulted  in  many  a  fruitless  and  embittered  controversy. 


^^<^^fO^u00de»lTlitotj.  The  electro-chemical  theory 
of  Berzelius  (1819)  doK^l»ted  chemistry  during  the  first  third  of  the 
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last  century.  Carefully  elaborated  in  the  case  of  inorganic  compounds, 
it  was  sought  to  apply  it  in  the  same  comprehensive  manner  to 
organic  compounds.  It  was  the  guiding  principle  to  which  Berzelius 
dung  throughout  his  life.  But  the  young  and  rapidly  growing 
branch  of  the  science  was  not  to  be  crippled  by  an  artificial  system 
which  arrested  its  natural  development.  After  a  fierce  controversy 
between  Berzelius  and  the  chemists  of  the  French  school  the  theory  was 
finally  abandoned.  The  theory  may  be  briefly  defined  as  Lavoisier's 
dualistic  views  expressed  in  the  light  of  Davy's  and  Berzelius'  electro- 
chemical researches.  Each  atom  of  the  elements  was  supposed  to 
possess  opposite  electrical  poles  provided  with  different  quantities  of 
electricity,  so  that  it  contained  a  surplus  of  one  or  other  kind  of 
electricity^  and  was  either  positive  or  negative  according  to  the 
predominating  polarity.  It  was  by  virtue  of  their  opposite  polarities 
that  the  atoms  combined.  The  simple  combinations  of  positive  and 
negative  elements  furnished  compounds  of  the  first  order.  The  elec- 
tricities in  these  compounds  were  not  necessarily  neutralized,  and 
there  might  still  remain  a  surplus  positive  or  negative  charge  which 
enabled  them  to  enter  into  further  combinations,  forming  compounds 
of  the  second  order.  The  elements  were  arranged  in  electrical  series 
with  oxygen  at  one  end,  representing  the  most  electro-negative 
element,  and  the  alkali  metals  at  the  other,  representing  the  most 
electro-positive  elements.  Each  intermediate  element  would  be 
electro-positive  to  the  one  that  preceded  and  electro-negative  to 
that  which  followed.  The  metals  were  strongly,  the  non-metals 
weakly  electro-positive  towards  oxygen.  The  lower  metallic  oxides 
retained,  therefore,  a  residual  positive,  the  non-metallic  oxides  a 
residual  negative  polarity.  Thus  potash  EO  was  electro-positive, 
whilst  sulphuric  acid  SO3  was  electro-negative.  Potash  and  sulphuric 
acid  could  therefore  combine,  by  vii*tue  of  their  opposite  polarities,  to 
form  sulphate  of  potash,  which  was  written  SO3  +  KO.  The  elec- 
tricities might  still  remain  imneutralized,  and  by  the  formation  of 
double  salts  such  as  potash  alum,  compounds  of  the  third  order  were 
obtained. 

The  oxides  of  the  non-metals  were  called  acids;  N2O5  stood  for 
nitric  acid  and  N2O5  +  H^O  was  its  hydrate.  When  the  combined 
water  of  the  hydrate  or  Ixmc  water  was  replaced  by  a  metallic  oxide 
or  base,  a  neutral  salt  resulted.  The  same  principle  was  applied  to 
organic  acids  and  their  salts.  Acetic  acid  was  written  G4H0O3  and 
its  hydrate  (our  acid)  C4Hg03  +  Hj^O ;  0^03  stood  for  oxalic  acid,  and 
the  crystalline  compound  which  we  now  term  anhydrous  oxalic  acid 
C2O3  +  H2O  was  regarded  as  its  hydrate ;  benzoic  acid  was  C14H10O8  and 
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its  hydrate  (our  acid)  was  CuHiqOs  +  H^O.  The  molecular  formula  for 
the  acids  was  derived  from  the  composition  of  the  salts,  usually  the 
silver  salts,  and  as  all  salts  were  supposed  to  contain  one  atom  of  base 
(silver  and  the  alkalis  had  double  their  present  atomic  weights),  it 
necessarily  followed  that  all  monobasic  acids,  like  acetic  and  benzoic, 
had  double  their  present  formulae,  whereas  dibasic  acids  received 
their  modem  values.  It  should  be  observed  that  these  so-called 
organic  acids  only  existed  in  the  form  of  their  hydrates,  the  acids 
themselves  being  purely  fictitious  groups  of  elements. 

Organic  Clicmistry  in  1830.  In  1830  Liebig  introduced  his 
new  method  of  organic  analysis,  which  is  essentially  the  one  we  still 
employ.^  There  is  no  doubt  that  the  simplicity  and  rapidity  of  this 
process  gave  a  new  impulse  to  the  study  of  organic  chemistry.  To 
perform  an  organic  analysis  appears  to  have  been  a  troublesome 
business,  for  in  a  letter  from  Wohler  to  Liebig  written  in  August, 
1830,  we  read :  '  A  thousand  thanks  for  your  quick  reply.  To  be 
able  to  complete  an  analysis  so  rapidly  is  scarcely  within  the  power  1 
of  any  one  but  yourself,  certainly  not  in  mine,  for  I  have  a  whole-  | 
some  dread  of  doing  one.' 

Organic  chemistry  in  1830  embraced  a  large  number  of  substances 
of  widely  different  properties,  yet  composed  usually  of  only  three  or 
four  elements — carbon,  hydrogen,  oxygen,  and  nitrogen.  It  included 
a  variety  of  organic  acids  and  a  steadily  increasing  number  of  organic 
bases  or  alkaloids,  the  first  of  which— morphium — had  been  isolated 
in  1817  by  SertUmer  from  opium ;  also  a  number  of  indifferent  sub- 
stances— hydrocarbons,  spirits  of  wine,  sugar,  starch,  gums — and 
finally,  the  fats  and  fixed  oils,  the  composition  of  which  had  been 
studied  by  Ch^vreul  in  so  complete  and  masterly  a  fashion  that  our 
knowledge  of  these  substances  has  not  materially  advanced  since  his 
day.  He  showed  that  these  bodies  were  compounds  of  glycerine  with 
various  acids  (the  fatty  acids)  and  that  they  behaved  Uke  acetic  ether, 
decomposing  with  alkalis  into  the  salt  of  the  acid  and  glycerine. 
There  was,  however,  little  analogy  between  the  complexity  of  all 
these  bodies  and  the  simple  compounds  of  inoiganic  chemistry,  in 
which  one  element  united  with  another  in  one  or  two,  more  rarely 
in  three,  proportions.  Berzelius'  at  first  distinguished  inorganic 
compounds  as  binary,  that  is  to  say,  divisible  and  sub-divisible  into 
two  parts,  one  electro-positive  and  the  other  electro-negative,  whilst 
organic  compounds  contained  more  than  two  elements  which  were 

<  Berzelias,  JahrtOf*,  '^^h  ^^^  ^^^ ;  Pogg-y  '^^'^i  ^^h  ^h  1* 
*  -4MII.  Phil,  4, 823. 
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directly  combined  into  a  whole  and  could  not  be  subdivided  or 
reunited  after  the  manner  of  inorganic  compounds.  Hydrocarbons 
like  marsh  gas  and  turpentine,  since  they  contained  only  two 
elements,  were  consequently  classed  among  inorganic  compounds, 
and  occur  under  this  head  in  the  earlier  numbers  of  Berzelius' 
Jahresbericht,  But  this  distinction  was  not  long  maintained.  Or- 
ganic chemistry  was  still  essentially  the  chemistry  of  animal  and 
plant  products  and  their  derivatives.  It  is  tine  that  from  time  to 
time  the  artificial  production  of  natural  substances  was  announced. 
As  far  back  as  1776  Scheele  had  obtained  oxalic  acid  identical  with 
that  in  wood  sorrel  by  the  oxidation  of  sugar  with  nitric  acid.  In 
1822  DObereiner  had  prepared  formic  acid,  hitherto  obtained  by  the 
distillation  of  ants,  by  the  oxidation  of  tartai-ic  acid,  and  had  also 
converted  alcohol  into  acetic  acid  by  the  aid  of  platinimi  black.  In 
1826  Hennel  had  synthesized  alcohol  from  olefiant  gas.'  Again,  in 
1828,  Wdhler  found  that  in  attempting  to  obtain  ammonium  cyanate 
by  the  action  of  ammonium  chloride  upon  silver  cyanate,  or  ammonia 
on  lead  cyanate,  a  crystalline  compound  was  formed  which  was  iden- 
tified as  urea,  a  substance  only  previously  found  in  urine.  But  none 
of  these  artificially  prepared  substances  was  entirely  independent  of 
an  animal  or  vegetable  origin.  Even  the  cyanates  were  derived  in 
the  first  instance  from  potassium  ferrocyanide,  in  the  preparation 
of  which  animal  matter  was  employed.  These  facts  did  little  to 
disturb  the  belief  in  a  vital  force.  Both  D6bereiner's  and  W5hler's 
discoveries  are  referred  to  by  Berzelius  in  his  Jahreshenchty*  but  it  is 
clear  that  the  rare  example  of  isomerism  furnished  by  the  conver- 
sion of  ammonium  cyanate  into  urea  created  a  far  deeper  impression 
than  the  realization  of  this  much  quoted  synthesis  (see^p.  56). 

Before  the  year  1832  the  only  organic  substance  from  which  a 
number  of  simple  derivatives  had  been  obtained  was  alcohol.  With 
sulphuric  acid  it  was  known  to  yield,  according  to  the  conditions  of 
the  experiment,  sulphovinic  acid,  ether,  olefiant  gas  and  a  substance 
known  as  oil  of  wine  of  the  formula  (CH-Jn ;  with  hydrochloric  acid 
it  gave  hydrochloric  ether;  with  nitric  acid,  nitric  (nitrous)  ether;  with 
acetic  acid,  acetic  ether,  and  with  oxalic  acid,  oxalic  ether.  Further,  the 
oU  of  the  Dutch  chemists,  as  it  was  called,  was  obtained  by  combining 
olefiant  gas  with  chlorine,  and  Hennel  showed  that  sulphovinic  acid 
was  formed  by  the  union  of  olefiant  gas  and  sulphuric  acid."  The 
relationship  of  alcohol  to  its  derivatives  was  a  matter  of  general 

^  Phil  Trans,,  1826,  240;  1828,  366;  Pogg.,  ^nn.,  1827,  0,21;  1828,  14,  282. 
See  also  Chemical  Synthesis  of  Vital  ProdwU,  p.  2,  by  R.  Meldola,  1906. 
*  Jahrtsh.,  1828,  2,  160;  1829,  8,  266. 
»  Pogg.,  ^fifi.,  1828, 14,  273 ;  Phil,  Trans.,  1826,  Pt.  2,  240. 
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speculation  which  had  free  play,  since  no  recognized  method  for 
ascertaining  molecular  weights  existed. 

Tlie  Etherin  Theory.  In  1828  Dumas  and  Boullay^  propounded 
a  theory  which  was  intended  to  show  the  relationship  of  these 
substances.  It  >vas  based  upon  an  observation  of  Gay-Lussac's  that 
the  vapour  density  of  ether  was  equivalent  to  that  of  one  volume  of 
olefiant  gas  and  half  a  volume  of  water  vapour,  whereas  that  of 
alcohol  was  equivalent  to  half  a  volume  of  olefiant  gas  and  half 
a  volume  of  water  vapour.  Dumas  and  BouUay  regarded  alcohol, 
ether,  and  all  their  derivatives  as  containing  one  common  group  of 
elements,  olefiant  gas,  which  had  the  formula  2G2H2,  corresponding 
to  the  modem  C2H4  (the  atomic  weight  of  carbon  was  derived  by 
Dumas  from  the  vapour  density  of  marsh  gas  and  olefiant  gas,  which 
he  wrote  GHg  and  C2H2  respectively,  giving  the  number  6  to  carbon). 
To  the  central  group  Berzelius  gave  the  name  of  etherin,  by  which  he 
signified  oil  of  wine  and  denoted  it  by  the  formula'  G^Hg,  but  the 
fundamental  idea  was  the  same  in  both,  and  the  theory  was  hence- 
forth known  as  the  etherin  theory. 

In  addition  to  presenting  a  series  of  related  compounds  as  contain- 
ing a  common  group  or  radical,  it  explained  HenneFs  preparation  of 
sulphovinic  acid  from  ethylene  and  sulphuric  acid,  the  existence  of 
oxamethane  (oxamic  ester)  obtained  by  Dumas  from  oxalic  ester  and 
ammonia*  gas  and  the  curious  inflammable  platinum  oiganic  com- 
pounds of  2iei8e,  which  the  latter  prepared  by  the  action  of  alcohol  on 
platinic  chloride  and  which  contained  no  oxygen.' 

An  essential  part  of  Dumas  and  Boullay's  theory  was  to  institute 
a  comparison  between  etherin  and  its  derivatives  and  ammonia  and 
its  compounds,  which  were  written  as  follows : 

Formulae  0/  Dumas  Formulae  0/  Ammonia  and  its 

and  BouUay.  Berzelius.  Cotnpounds, 

Olefiant  gas       2C2H2  G^H^  NgHg 

^  ether^^°"°  1  ^^«^«  "^  ^^*  ^<^» + 2HC1  NjHe + 2HCI 

Ethor  iCjHj+HjO  C^Hg  +  HoO  NjHg  +  HaO 

Alcohol  4C2Hs+2H,0  C^Hf^+ZU^O  — 

Acetic  ether  4C2H4 + CgHjO,  +  Kfi  C^Hg + C^HgOg + 11^0  NaHg + C4H5O3  -J-  HjO 

Kitric  ether  4C2H8  +  N,Oa+HjO  C4Hg+Nj08-J-HsO  NoHg+NjOg+HjO 

Oxalic  ether  iCjHj + Cfi^ + H^O  C4Hg + CjOg + H,0  NaHg + CjOj  +  H5O 

Oxamethane  iCjHj+C^Og+NH,  C^Hg+CaOg+NHs  — 

^"i^kT^*'^*^    |4C8H8+2SOs+2H20       C4Hg+S.A+2H20  — 

^i!>«nd'''""  !*^«^«+2PtCl,  C,Hg4.Pt,Cl, 

»  Ann.  Chhn.  Phys,,  1828,  (2),  36,  294 ;  (2),  37,  15. 
"  Jahrenb.,  1832, 12,  808.  '  Annalen,  1834,  9,  1. 
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Dumas  and  Boullay  went  so  far  as  to  state  that  olefiant  gas,  were 
it  but  soluble  in  water,  would  exhibit  alkaline  properties,  and  they 
even  attempted  to  extend  their  theory  so  as  to  embrace  compounds  like 
the  fats  and  oils,  which  were  assumed  to  possess  an  imaginary  hydro- 
carbon radical  united  to  ether,  and  even  the  sugars  which  were 
described  as  carbonates  of  etherin.  The  theory  found  many  supporters 
and  long  held  its  ground  in  France.  Berzelius^  on  the  other  hand, 
gave  it  a  half-hearted  reception,^  which  soon  changed  to  undisguised 
hostility.  He  pointed  out  that  the  existence  of  the  radical  G4Hg 
might  be  accepted  as  a  mere  matter  of  conyenience,  but  that  the 
formula  for  alcohol  could  be  equally  well  represented  by  either 
C^ILs  +  ^H^O  or  G4H10O  +  H.O.  The  fact  of  alcohol  yielding  olefiant 
gas  was  no  more  a  reason  for  the  presence  of  this  group  in  alcohol 
than  there  was  for  the  pre-existence  of  nitrous  oxide  in  nitrate  of 
ammonia  merely  because  nitrous  oxide  was  evolved  on  heating. 
If  olefiant  gas  were  alkaline,  then  surely  alcohol  and  ether,  which 
were  soluble  hydrates,  should  also  have  alkaline  properties.  More- 
over, though  olefiant  gas  could  be  prepared  from  alcohol,  neither 
alcohol  nor  ether  could  be  formed  by  the  reverse  process  of  adding 
water  to  olefiant  gas,  and  the  analogy  with  ammonia  broke  down. 

Furnished  with  fresh  weapons  Berzelius  returned  to  the  attack  in 
the  foUowing  year.*  Liebig  and  W^hler  had  shown  that  sulphovinic 
add  had  the  formula  G4H3  +  280^  +  2H2O,  containing,  therefore,  two 
atoms  (molecules)  of  basic  water,  yet  it  only  saturated  one  atom  of 
base,  and  consequently  the  remaining  atom  of  water  must  be  an 
integral  part  of  the  organic  constituent,  just  as  it  was  of  ammonia  in 
the  sulphate  N^HgO  +  SO;, . 

Qrowtli  of  the  Badical  Theory.  We  can  now  realize  how  matters 
stood  when  Liebig  and  Wohler,  in  the  memoir  to  which  reference  has 
been  made,  brought  the  first  imassailable  evidence  of  the  existence 
of  an  organic  compound  radical.  A  series  of  substances  had  been 
obtained  which  were  readily  conveiiible  into  one  another  by  simple 
reactions  such  as  chemists  were  familiar  with  in  inorganic  chemistry. 
They  contained  one  common  group  of  elemente  C14H20O2  to  which  the 
name  benzoyl  (henz,  the  root  of  benzoic,  and  v\rj^  substance)  was  given. 
The  compounds  were  written  as  follows : 

G14H10O2  +  H^  Benzoyl  hydride  (bitter  almond  oil) 

G14H10O2  +  O  +  H2O       Benzoic  acid 
C14H10O2  +  GL  Benzoyl  chloride 

^  JoAmb.,  1828,  8,  292.  '  Jahresb.f  1833, 13,  192. 
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Ci4Hi(,02  +  Br^  Benzoyl  bromide 

C14H10O2  + 1*  Benzoyl  iodide 

C]4Hio02  +  N2H4  Benzamide 

C14H10O2  +  C2N2  Benzoyl  cyanide 

C14H10O2  +  S  Benzoyl  sulphide 

C14H10O2  +  O  +  C4H10O  Benzoic  ether 

This  was  not,  however,  the  first  example  of  a  compound  radicaL 
In  1815  Oay-Lussac,  in  controlling  Bertholet's  experiments  on  the 
composition  of  hydrocyanic  acid,  obtained  cyanogen  by  heating 
mercuric  cyanide,  and  by  the  action  of  the  halogens  on  hydrocyanic 
acid  prepared  the  chloride,  bromide,  and  iodide  of  cyanogen.  This 
example  of  a  compound  radical,  as  well  as  that  of  sulphocyanogen 
and  ammonium,  were  overlooked,  partly  because  they  were  ranked 
with  inorganic  substances,  partly  because  Lavoisier's  original  con- 
ception of  a  radical  necessarily  implied  that  part  of  a  substance  of 
which  the  other  part  was  oxygen.  It  should  be  observed  that  in 
benzoyl  we  have  a  modification  of  Lavoisier's  definition  of  a  compound 
radical  inasmuch  as  benzoyl  contained  oxygen. 

Liebig  and  Wohler's  discovery  was  soon  followed  by  that  of  other 
radicals.  The  radicals  of  salicylic  and  cinnamic  acids  were  shown, 
the  former  by  Piria,  and  the  latter  by  Dumas  and  Peligot,  to  form 
each  a  series  of  derivatives  similar  to  that  of  benzoic  acid,  and  were 
termed  respectively  aalicyl  and  cinnamyl.  Ten  years  later  the  theory 
of  the  compound  itulical  received  further  confirmation  in  a  brilliant 
research  of  Bunsen  upon  cacodyl. 

In  17G0  Cadet  obtained  by  the  distillation  of  potassium  acetate 
with  oxide  of  arsenic  a  fuming  and  fetid  liquid,  which  inflamed 
spontaneously  in  the  air  and  was  extremely  poisonous.  It  was  called 
'Cadet's  fuming  liquid'.  These  uninviting  properties  deterred 
chemists  for  seventy  years  fron^  satisfying  any  curiosity  they  might 
have  conceived  as  to  its  composition,  and  they  contented  themselves 
with  stating  its  properties  and  method  of  preparation. 

Dumas  was  the  first  to  analyse  it,  and  gave  it  the  formula  CsH|2As2; 
but  Bunsen  soon  afterwards  ascertained  that  the  liquid  prepared  by 
the  above  method  contained  oxygen  and  had  the  formula  C4H|2As20» 
which  he  called  cacodyl  oxide  (Koxtj^i^s,  stinking).*  From  this  he 
obtained,  by  means  of  the  halogen  acids,  cacodyl  chloride,  bromide, 
iodide,  and  also  the  cyanide,  fluoride,  sulphide,  selenide^  cacodylio 
acid,  and,  finally,  by  the  action  of  metallic  zinc  on  the  chloride,  the 

*  Pogg.,  Ann.,  1837, 40,  219 ;  1837,  42,  145 ;  AnnaieUy  1841, 37, 1  :  1842.  42  14  - 
1843,  46,  1 ;  Ostwald's  Klatsiker,  No.  27.  i  ,      ,    » , 
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nulical   cacodyl  itself  C4H]2A92,  which   he    also   named    alcarsin 
(alcohol-arsenic)  to  indicate  its  relation  to  alcohol. 

C4H|20^    Alcohol 

C4H12A82  Alcarsin 

He  termed  cacodyl  a  true  organic  element  possessing  the  character 
of  a  metaL  This  analogy  is  readily  understood  if  we  write  Kd  for 
{he  eacodyl  radical  and  compare  it  with  a  metal  such  as  calcium. 

Cftcodyl  CfHijAs, 

Cacodyl  oxide  Cfii^Aufi 

Cacodyl  chloride  C4Hi2A8,Cl, 

Cacodyl  cyanide  C^HisAa^Cy^ 

Cacodyl  sulphide  C^Hi^AatS 

XleUg's  ]>efi]iitioii  of  a  Compound  Radical,  Although  this 
leeeareh  was  the  product  of  a  later  period,  Liebig*s  original  definition 
of  a  compound  radical  has  undergone  no  change.^  He  says,  speaking 
of  cyanogen,  *we  call  this  a  radical  because  (1)  it  is  the  invariable 
constituent  of  a  series  of  compounds,  (2)  it  can  be  replaced  by  other 
simple  bodies,  and  (8)  in  its  combinations  with  a  simple  body  the 
latter  may  be  substituted  by  equiyalents  of  other  simple  bodies.  Of 
these  three  conditions,  two  must  be  fulfilled.'  These  conditions 
made  it  essential  that  in  a  series  of  simple  reactions  the  radical  or 
group  of  elements  should  be  shown  to  remain  intact,  and  not  only  to 
be  capable  of  combining  with  elements  to  form  compounds,  but  also 
of  being  replaced  by  them. 

It  is  evident  from  this  statement  that  the  author  conceived  the 
elements  of  which  the  radical  was  composed  to  be  united  by  a  bond 
which  joined  them  together  more  firmly  than  the  other  elements  in 
the  compound.  The  particular  group  composing  the  radical  upon 
which  the  choice  fell  was  a  matter  of  much  diversity  of  opinion.  Thia 
18  specially  noteworthy  in  the  case  of  ether  and  alcohol  and  their 
derivatives. 


'  Sthyl '.  We  have  already  referred  to  the  etherin 
theory  of  Dumas  and  Boullay  and  the  comparison  which  they  drew 
between  olefiant  gas  and  ammonia.  There  existed  at  the  time 
another  view  of  the  constitution  of  ammonia  and  its  salts.  The 
theory  that  ammonium  played  the  part  of  a  metallic  radical  in  ita 
salts  was  suggested  by  Davy,  and  afterwards  supported  by  Ampere 
and  Berzelius.  It  appealed  to  the  dualists,  for  it  enabled  them  to 
establish  an  analogy  between  the  composition  of  the  salts  of  ammonia. 

^  Annalen,  1838,  26,  2. 
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and  those  of  the  alkali  metals.  This  view  was  now  revived  by 
Liebig,  and,  in  place  of  etherin  C^^^  and  its  analogue  ammonia  NH3, 
the  new  radical  C4H109  termed  by  Liebig  etheryl  or  ethyP  (otA/p, 
ether,  and  vXtj,  substance),  took  its  place  beside  ammonium. 


C4H,oCl2 

Hydrochloric 

ether. 

X42UgGI.2 

Ammonium  chloride. 

C^HjoO 

Etlier. 

NoH^O 

Ammonium  oxide 
(present  in  the  salts). 

C^HioO+HjO 

Alcohol. 

NjHgO  +  HaO 

Ammonium  hydrate. 

C,HioO+NA 

Nitric  ether. 

NjH.O  +  NA 

Ammonium  nitrate. 

C4H10O + C^HgO,  Acetic  ether.  NoHgO  +  C4H ^  Ammonium  acetate. 

Berzelius  who  had,  as  we  have  seen,  abandoned  the  etherin 
theory,  accepted  the  new  doctrine,  for  its  basis  was  dualistic,  inas- 
much as  ether  appeared  as  an  oxide.  He  and  Liebig,  however, 
held  different  views  on  the  constitution  of  alcohol.  Liebig  regarded 
it,  from  its  relation  to  ether,  as  the  hydrate  of  ether,  whereas 
Berzelius  considered  it  to  be  the  oxide  of  a  different  radical,  C^^J 
One  reason  advanced  by  Berzelius  was  the  difference  in  properties 
between  sulphovinic  acid  obtained  by  the  action  of  sulphuric  acid 
on  alcohol,  and  isethionic  acid,  prepared  by  Magnus  by  the  action 
of  sulphuric  acid  (SO3)  on  alcohol  and  ether.' 

The  two  substances  are  isomeric  and  saturate  the  same  amount  of 
base,  but  the  barium  salt  of  sulphovinic  acid  contains  an  atom  more 
water  than  that  of  isethionic  acid,  and  they  are  in  other  respects 
totally  distinct  substances.  '  It  is  clear,  therefore,'  writes  Berzelius 
in  the  JahreshericM  for  1833,  Hhat  this  atom  of  water  cannot  be 
present  as  water  of  crystallization,  but  must  be  there  in  another 
form,  and  this  other  form  can  be  nothing  else  than  a  form  of  ether. 
It  naturally  follows  that  alcohol  and  ether  are  not  hydrates  of  the 
same  base,  although  they  may  be  so  regarded.' 

The  two  formulae  of  the  barium  salts  would  therefore  appear  as 
2C2H0O  +  2SO3  +  BaO  for  the  sulphovinate,  and  C4H,oO  +  2SO3  +  BaO 
for  the  isethionate.* 

1  Aimalm^  1884,  0, 1.  '  Jahresb.,  1833, 18,  194. 

3  Annaim,  1888,  6,  168;  Pogg.,  Ann,,  1888,  27,  867. 

*  Aooording  to  modern  views  the  formation  of  isethionic  acid  from  ethionic 
acid  and  carbyl  sulphate  would  be  represented  as  follows :  alcohol  and  sulphur 
triozide  unite  to  form  carbyl  sulphate. 

CH2.O.SO2 

CaHftCOH) + 2SO3  =  )0 + HjO        * 

<  Jn.2    •    SO2 
Carbyl  sulphate. 
Carbyl  sulphate  is  decomposed  by  water,  first  into  ethionic,  and  finally  into 
isethionic  acid : 

CHa.O.SOsH  CHn.OII 

I  I 

CHs.SOsH  CH3.SO3H 

Ethionic  acid.  Isethionic  acid. 
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(  But  there  were  additional  reasons.    Berzelius  contended  that  the 

dissimilarity  in  properties  of  alcohol  and  ether  could  not  be  attributed 
to  the  presence  or  absence  of  water.  Nor  was  it  probable  that  in 
alcohol  the  water  could  have  so  strong  an  afi&nity  for  the  ether  (with 

^  which  in  the  free  state  it  cannot  be  induced  to  combine)  that  a 
dehydrating  agent,  like  barium  oxide,  can  produce  from  alcohol  no 
trace  of  ether. 

Growth  of  Organic  Cfliemistry,  1 830-1 840.  Whilst  the 
various  disputants  were  urging  the  claims  of  rival  radicals,  their 
activity  in  the  laboratory  was  not  suspended.  Organic  chemistry 
was  steadily  advancing  and  widening  its  boundaries  by  new  dis- 
eoveriesy  which  followed  one  another  in  rapid  succession.  The 
foundation  of  the  great  edifice  of  aromatic  chemistry  was  being  laid, 
upon  which  the  next  generation  was  to  build  new  and  important 
industries.  Mitscherlich  had  obtained  benzene  from  benzoic  acid 
by  distillation  with  lime,  identical  with  Faraday*s  hydrocarbon 
from  oil  gas  (p.  56),  and  formed  ni^henzenef  henzenesulphonic  acidy 
Moroibenzene  and  certain  other  derivatives.  Runge  had  found 
ibyanoZ,  afterwards  identified  as  aniline,  and  carbolic  acid  in  coal-tar. 

'  Liebig  had  obtained  ddoral  and  chlorofoffn  by  the  action  of  chlorine 
on  alcohol,  and  had  determined  the  composition  of  acetone,  aide- 
hi^  and  (uxtal.  Dumas  and  Peligot  had  isolated  niethyl  alcohol  in 
the  pure   state  from  wood  spirit,  and  Dumas  and  Cahours  had 

,  prepared  amyl  cdcohol  from  fusel  oil.  In  both  cases  a  number  of 
derivatives  had  been  obtained  offering  a  close  analogy  with  those 
from  ordinary  alcohol.     Zeiss  had  discovered  the  mercaptam,  and 

.  Renault  had  studied  the  action  of  potash  on  Dutch  liquid,  and 
obtained  the  compound  we  now  call  vinyl  cJdoride.  The  formula 
of  the  new  compound  was  written  G4H(}C1^  and,  according  to  Begnault, 
contained  the  radical  C4HQ ,  which  he  termed  cddeUiyddne,  subsequently 
changed  to  acetjfi.  In  the  meantime  a  partial  reconciliation  had 
been  arrived  at  between  Liebig  and  Dumas,  when  the  latter  was  won 
over  to  the '  radical '  views  of  Liebig,  and  the  result  was  a  joint  ai'ticle 
which  appeared  in  1837,  and  of  which  the  following  is  an  abstract.^ 
'  Organic  chemistry  possesses  its  own  elements,  which  sometimes 
play  the  part  of  chlorine  or  oxygen  (e.  g.  cyanogen),  and  sometimes 
that  of  a  metal  (e.  g.  ethyl,  benzoyl,  cacodyl).  Cyanogen,  amide, 
benzoyl,  the  radicals  of  ammonia,  of  the  fats,  of  alcohol  and  its 
derivatives,  are  the  true  elements  of  organic  nature,  whereas  the 

^  J.  prakt»  Chtm.,  1887,  14,  298 ;  Qmpt.  refid,,  1837,  5,  r,67. 
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simpleBt  constituents,  carbon,  hydrogen,  oxygen,  and  nitrogen,  only 
reappear  when  the  organic  matter  is  completely  destroyed/ 

The  truce  did  not  last  long,  and  when  the  new  radical,  acetyl, 
appeared,  Liebig  seized  upon  it  in  order  to  explain  the  constitution  of 
those  compounds,  which,  like  Zeise's  platinmn  compounds  and 
Dumas'  oxamethane,  contained  no  ethyl  radical,  without  having 
recourse  to  the  etherin  theory  to  which  he  was  a  firm  opponent. 
Like  his  predecessors  he  established  an  analogy  with  ammonia  and 
its  deriyatiyes  by  introducing  into  the  latter  the  radical  amide.^ 

Letting  Ac  stand  for  acetyl,  C4H6,  and  Ad  for  amide,  N2H4,  the 
series  of  compounds  appeared  with  the  following  formulae : 


AcU, 

Olefiant  gas. 

AdHs 

AmmoDia. 

ACH4 

Ethyl. 

AdH^ 

Ammonium. 

ACH4O 

Ether. 

AdH^O 

Ammonium  oxide. 

AoH^Clj 

Ethyl  chloride. 

AdH^Clj 

Salammoniac. 

AcH^O+HjO 

Alcohol. 

— 

— 

A0H4S  +  H2S 

Mercaptan. 

AdH^S+HjS 

Ammonium  sulphide. 

AoHj+2SOs« 

Isethionic  acid. 

AdHa+SO, 

Rose's  anhydrous 
ammonium  sulphate. 

•— . 

2Ad+2GO 

Urea. 

^_ 

^— 

Ad+2C0 

Ozamide. 

AeH4,  Ad +20^03   Oxamethane.  —  — 

The  new  theory  also  enabled  Liebig  to  include  in  his  scheme 
aldehyde,  chloral,  and  acetic  acid,  which  appeared  as  follows : 

C4He,0  +  H20    Aldehyde 
C^ClcO  +  H^O    Chloral 
C4Hg,03  +  H^O  Acetic  acid 

The  introduction  of  the  new  acetyl  radical  C^Kq  into  alcohol  and 
its  derivatives  never  actually  replaced  the  older  ethyl  radical  which 
continued  to  be  used  by  the  (German  chemists,  whilst  etherin  was 
retained  in  France. 

The  Chemistsy  of  Compound  Badicals.  With  the  year  1840 
the  first  chapter  in  the  history  of  organic  chemistry  may  be  said  to 
close.  Although  organic  chemistry  was  still  concerned  with  products 
of  a  vital  force,  and  with  the  compounds  derived  from  them  by  the 
action  of  chemical  reagents,  the  dominant  idea  was  the  compound 
radical.  It  was  around  the  compound  radicals  that  the  various  oi^anie 
substances  were  grouped.    In  Liebig*s  treatise,  which  was  published 


>  Afmalen,  1889,  30,  129. 

*  This  formula  represents  the  anhydride  of  the  acid.  After  Regnault's  dis- 
oovery  of  its  preparation  from  sulphur  trioxide  and  olefiant  gas,  it  waa  uauiJly 
represented  as  a  compound  of  etherin  and  sulphuric  anhydride. 
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in  lS40y  all  the  well-defined  compound  radicals,  whether  containing 
carbon  or  not,  are  included.  Separate  chapters  are  devoted  to  amide, 
oxide  of  carbon  (the  radical  of  oxalic  acid),  cyanogen,  benzoyl,  cinn- 
amyl,  salicyl,  ethyl,  acetyl,  methyl,  formyl,  cetyl,  amyl,  and  glyceryL 
They  were  hypothetical  groups  which  might  or  might  not  be 
capable  of  separation,  but  their  admission  was  a  necessity  and  their 
existence  in  the  compound  more  than  probable.  Organic  chemistry 
was  defined  by  Liebig  as  the  chemistty  of  the  compound  radical. 

Theovy  of  Substitiition.  Meanwhile  a  movement  had  begun, 
which,  gathering  force  as  it  advanced,  swept  away  two  ruling 
principles,  the  one,  the  electro-chemical  theory,  the  other,  the  pre- 
existence,  as  it  was  termed,  of  radicals  as  unalterable  groups  of 
el^nents,  or  proximate  constituents  of  organic  compounds.  It 
was  the  direct  result  of  the  study  of  a  chemical  process  which 
has  been  termed  substitution.  The  idea  of  substitution  was  not 
a  new  one.  The  substitution  of  a  metallic  oxide  for  water  in  an 
acid  hydrate  to  form  a  salt,  and  Mitscherlich's  discovery  that 
the  crystalline  form  of  a  compound  is  often  retained  when  one 
element  replaces  another,  were  well  known  to  chemists.  Among 
organic  compounds,  the  action  of  chlorine  on  hydrocyanic  acid  had 
been  found  by  Qay-Luasac  to  give  cyanogen  chloride,  Liebig  and 
Wohler  had  obtained  benzoyl  chloride  from  bitter  almond  oil,  and 
Faraday  prepared  carbon  sesquichloride,  C2Cle,  firom  Dutch  liquid 
in  the  same  manner. 


of  Substitutioiis*  In  1834  Dumas'  attention  had 
been  directed  to  the  action  of  chlorine  on  organic  compounds  by 
observing,  as  Oay-Lussac  had  previously  done,  that  when  wax  is 
bleached  by  chlorine  a  portion  of  the  hydrogen  is  replaced  by 
chlorine.  He  found  also  that,  when  chlorine  acts  upon  turpentine, 
for  every  volume  of  hydrogen  removed  an  equal  volume  of  chlorine 
enters.  He  then  repeated  Liebig's  experiments  on  the  action  of 
dilorine  and  bleaching  powder  upon  alcohol,  and  carefully  analysed 
the  producta  From  the  result  of  these  researches  he  formulated,  in 
1884,  the  following  empiric  law  of  substitutions.^ 

1.  If  a  body  containing  hydrogen  be  acted  upon  by  chlorine, 
bromine^  or  iodine,  or  oxygen,  for  every  atom  of  hydrogen  which 
it  loses,  it  takes  up  one  atom  of  chlorine,  bromine,  or  iodine,  or  half 
an  atom  of  oxygen. 

2.  If  the  compound,  besides  hydrogen,  contains  oxygen,  the  same 
rule  holds  without  modification. 

1  Ann,  Chim.  Phys.,  1884,  66,  118. 
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* 

3.  If  a  body  contains  water  in  addition  it  first  loses  the  hydrogen 
of  the  water  without  replacement ;  if  hydrogen  is  then  remoyed,  it 
is  replaced  in  the  above  manner. 

The  first  two  propositions  require  no  comment;  the  third  was 
introduced  in  order  to  explain  such  reactions  as  the  conversion  of 
alcohol  into  chloral,  and  alcohol  into  acetic  add.  The  reactions 
were  written  thus: 

(CgHg  +  H4O2)  +  4a = CgHgOg  +  4HC1 

Alcohol.  Aldehyde. 

CgHgOa  +  12C1 = CgHaCleO^  +  6HC1 

Chloral. 

(CgHg  +  H4O  J  +  04  =  (CgH^Oa  +  H4O2)  +  H4O2 

Alcohol.  Acetic  acid. 

The  study  of  substitution,  to  which  Dumas  gave  the  name  of 
metdlepsy  (/actoXi/^is,  exchange),  attracted  many  of  the  French 
chemists,  among  whom  were  Peligot^  Malaguti,  and  Begnault,  who 
studied  the  action  of  chlorine  on  ethyl  chloride  and  ether,  and 
Laurent,  who  investigated  its  action  on  naphthalene,^  and  with 
Regnault,  on  Dutch  liquid.  As  a  result  of  Laurent's  observations, 
the  following  rules  were  added  to  the  laws  of  Dumas : 

'  When  chlorine,  bromine,  oxygen,  or  nitric  acid  replace  hydrogen 
in  a  hydrocarbon,  the  hydrochloric  acid,  hydrobromic  acid,  nitrous 
acid  or  water  formed  are  either  liberated  or  remain  combined  with 
the  product '.' 

Laiir«nVs  Vnolens  Theory.  Upon  this  foundation  Laurent 
constructed,  in  1837,  his  nucleus  theory.'  Laurent  assumed  that 
every  organic  compound  contained  a  hydrocarbon  nucleus  or  radicaL 
These  were  the  jmrnary  nudei  (noyaux  fondamentaux),  and  were  so 
chosen  that  the  elements  composing  them  were  present  in  even 
numbers  (see  p.  28).  Other  elements  or  groups  of  elements  can  be 
added  on  to  the  primary  nuclei  When  the  hydrogen  in  the  primaiy 
nucleus  was  replaced  by  equivalents  of  other  elements,  the  halogens, 
oxygen,  nitrogen,  &c.,  aeeondary  nuclei  (noyaux  d^riv^)  were  pro- 
duced, and  the  compound  remained  intact.  It  was  only  when  the 
elements  of  the  nucleus  were  permanently  removed  that  complete 
decomposition  of  the  substance  ensued.  The  primary  nucleus  was 
compared  to  a  prism,  the  solid  angles  of  which  corresponded  to 
carbon,  and  the  edges  to  hydrogen.  If  these  edges  are  replaced  by 
others  the  geometrical  form  is  unchanged,  but  should  they  be 


s 


Ann.  Chim.  Phys,^  IB^^  6^1 1^-  '  ^'•'^  ^^'W.  Phy,,  1886,  60,  228. 

Ann,  Chim.  Pkys.^  1^87$  ^^1  ^^*  "^  ^^^  Gmelin's  Handbook,  7)  1^  80. 


LAURENT'S  NUCLEUS  THEORY  19 

remoTed,  the  system  falls  to  pieces.  To  the  central  prism  other 
geometrical  figures  can  he  attaohedy  on  removing  which  the  original 
foim  Teappear&  The  following  examples  may  serye  to  illustrate  the 
theory.  By  the  alternate  action  of  chlorine  and  potash  on  olefiant 
gas,  a  nnmher  of  chlorinated  compomids  had  been  obtained.  These 
were  supposed  to  contain  the  primary  nucleus  C4Hg.  The  compounds 
were  written  as  follows,  the  nomenclatmre  being  that  of  Dumas  and 
Peligot: 

Btheirtae  ^4<^8 

Ether^ne  hydrochlorate  (hydrochloric  ether)  G4Hg  +  H2GI2 

Chlor^therase  (B^puuilt's  acetyl  chloride)  C4HeCl2 

„  hydrochlorate  (Dutch  liquid)  C4H0GI2  +  H2GI2 

Chlor^therese  G4H4a4 

„  hydrochlorate  C4H4a4  +  H2GI2 

Chlor^therise  C4H2G]e 

„  hydrochlorate  C4H2C1«  +  Hsds 

Chlordtherose  C4CI8 
Chloride  dtheroeique  (Faraday's  sesquichloride 

of  carbon)  C4CI8  +  CI4 

A  similar  series  was  derived  from  methylene  and  naphthalene, 
whilst  alcohol  and  its  oxidation  products  appeared  as  follows : 

Alcohol  C4H8  +  H4O2 

Aldehyde         G4H«0  +  H2O 
Acetic  acid      G4HeO  +  O2 

Although  Laurent's  formulae  bore  a  certain  resemblance  to  those 
of  the  etherin  theory,  they  really  embodied  an  important  new  prin- 
ciple, namely,  thatwhen  chlorine  and  bromine  replace  their  equivalent 
of  hydrogen,  the  former  take  the  place  of  the  latter,  and  play  to  some 
extent  the  same  part  in  the  new  compound,  in  consequence  of  which 
the  compound  retains  a  certain  similarity  to  the  parent  substance. 

The  theory  amounted  to  a  revolution.  We  cannot  wonder  that  it 
should  have  served  as  a  direct  challenge  to  Berzelius  and  the  followers 
of  the  electro-chemical  school.  The  principle,  once  admitted,  that 
chlorine,  an  electro-negative  element,  could  take  the  place  of  hydrogen, 
an  electro-positive  element,  and  do  so  without  changing  the  typical 
properties  of  the  new  compound,  was  to  shake  the  very  foundation 
of  dualism ;  for  we  must  remember  that  it  was  this  opposite  negative 
and  positive  character  which  served  to  link  the  atomic  units  in  a 
compound ;  it  was  this  dual  conception  which  saw  a  new  hydro- 
carbon radical  in  every  compound  in  which  hydrogen  was  replaced 
by  another  element 

c  2 
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Berzelius  was  not  slow  in  replying.  His  first  contemptuous  com- 
ment on  the  new  formulae  of  Laurent  appeared  in  his  Jahref^)ericht 
for  1887:  'I  consider  it  superfluous  to  enlarge  further  on  such 
a  theory.'  He  then  directed  his  attack  against  Dumas,  who  at  once 
repudiated  the  reyolutionary  views  of  Laurent :  ^  '  To  represent  me 
as  saying  that  when  chlorine  replaces  hydrogen  it  plays  the  part  of 
the  hydrogen,  is  to  attribute  to  me  an  opinion  against  which 
I  strongly  protest,  as  it  is  opposed  to  everything  I  have  written  on 
this  subject.  The  substitution  theory  expresses  only  the  relation 
which  exists  between  the  hydrogen  which  disappears  and  the  chlorine 
which  takes  its  place,'  and  further  on,  'It  is  an  empiric  rule  which  is 
of  value  so  long  as  it  holds ;  if  any  one  has  given  it  an  extension 
which  was  not  in  my  mind,  I  am  not  responsible.'  When,  how- 
ever, Dumas  afterwards  (1889)  obtained  trichloracetic  acid  bypassing 
chlorine  into  acetic  acid,  and  found  that  the  new  compound  not  only 
retained  the  characteristic  acid  property  of  the  original  substance, 
saturating  the  same  amount  of  base  and  forming  salts  and  esters,  but 
yielded  chloroform  with  potash,  as  acetic  acid  yielded  marsh  gas,  the 
analogy  between  the  two  was  complete,  and  Dumas  henceforth 
participated  in  Laurent's  views. 

'  It  is  clear,'  wrote  Dumas,  Hhat  if  I  accept  this  doctrine,  which  is 
based  upon  facts,  I  cannot  attach  any  weight  to  an  electro-chemical 
theory  which  has  been  the  dominant  idea  upon  which  Berzelius  has 
sought  to  construct  a  universal  system.' 

'But  these  electro-chemical  ideas,  this  special  polarity  which  is 
assigned  to  the  atoms  of  simple  bodies,  do  they  rest  upon  such  clear 
facts  that  they  may  rank  as  articles  of  faith?  Or,  if  they  are 
considered  as  hypotheses,  have  they  the  property  of  adapting  them- 
selves to  the  facts  with  such  certainty  that  they  can  be  utilized  in 
chemical  investigations?  It  must  be  conceded  that  such  is  not  the 
case.' 

'  Isomorphism— a  theory  based  upon  facts — has  been  a  true  guide 
in  mineral  chemistry,  and,  as  is  well  known,  has  little  in  common 
with  electro-chemical  theories.' 

'  Now,  in  organic  chemistry,  the  theory  of  substitution  plays  the 
same  part  as  isomoiphism  in  inorganic  chemistry,  and  indeed  it  may 
happen  that  future  experience  will  show  that  both  views  are  related 
and  spring  from  the  same  cause,  which  may  be  combined  in  a 
common  expression.' 

'  For  the  present,  from  the  conversion  of  acetic  into  chloracetic 
acid  and  from  that  of  aldehyde  ipto  chloral,  from  the  fact  that  the 

'  ^^«W.  rend.,  ^^'  ®'  *^- 
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whole  of  ihe  hydrogen  is  replaced  by  chlorine,  yolume  for  volume, 
without  changing  their  original  nature  we  must  conclude : 

*  Thai  there  exist  in  organic  chemistry  certain  tiffpes  which  remain  as 
smdi  even  after  ^leir  hydrogen  has  been  replaced  hg  an  equal  volume  of 
Marine,  brominey  or  iodine.* 

*  That  is  to  say,  the  theory  of  substitution  rests  on  facts,  and  on 
the  most  striking  £EM$ts,  of  organic  chemistry/ 

Ihtnuui'  Theory  of  Types.  Dumas'  Theory  of  Types  incorporated 
his  former  law  of  substitutions  and  Laurent's  propositions  under  a 
somewhat  modified  form/ 

The  new  theory  was  introduced  in  order  to  emphasize  the  differ- 
ence between  the  substituted  compound  and  the  parent  substance  in 
which  the  general  character  or  type  was  preserved,  as  in  the  case  of 
acetic  and  chloracetic  acid  or  aldehyde  and  choral,  on  the  one 
hand,  and,  on  the  other,  those  substitution  products  (more  especially 
where  oxygen  replaced  hydrogen)  which  were  not  related  by  simi- 
larity of  properties  as  exemplified  by  alcohol  and  acetic  add  or  marsh 
gas  and  formic  acid.  The  former  belonged  to  the  same  chemiccd  type 
and  the  latter  to  a  mechanical  or  mdlectdar  type. 

The  two  groups  may  be  illustrated  by  the  following  examples, 
using  I>umas'  notation : 

CkenHeal  iups,  MecKanical  type, 

Aoeticaeid  C^SL^Ufi^^  Alcohol  C^HeHeOs 

Ghloraoetie  acid    O^HsCl^O^  Acetic  acid     CJB^M^O^ 

Aldehyde  C^H^HeO,  Marsh  gas       CsHjHq 

Chloral  C^HsCleOs  Formic  acid    C^Kfi^ 

Dumas  pointed  out  that  the  properties  of  a  compound  lay  in  the 
arrangement  of  its  atoms  and  not  in  their  nature.  He  wrote: 
*  Lavoisier's  compounds  were  a  combination  of  a  combustible  element 
with  a  combustion  supporting  element.  The  electro-chemical  theory 
saw  in  these  an  electro-negative  and  an  electro-positive  element,  which 
is  a  modification  of  the  same  thing.  This  dualism  is  unnecessary  to 
explain  the  constitution  of  chemical  compounds,  the  parts  of  which 
may  be  compared  to  those  of  a  planetary  system  which  are  held 
together  by  mutual  attraction.  They  may  be  more  or  less  numerous, 
simple  or  complex.  In  the  constitution  of  the  compound  they  play 
the  same  part  as  the  simple  elements.  Mars  or  Venus,  in  our  planetaiy 
system,  the  atomic  group  Earth  with  its  moon,  or  Jupiter  with  its 
satellites.  If  in  such  a  system  one  part  is  replaced  by  another  of 
a  different  kind,  equilibrium  is  maintained,  and,  if  the  replaced  and 

1  Ann,  Chim,  Phys.,  1840,  (2),  78,  78. 
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replacing  elements  resemble  one  another,  the  new  compound  has 
similar  chemical  properties  to  the  original  one.  If,  howeyer,  they 
differ  they  belong  to  a  mechanical  system,  and  the  chemical  similarity 
is  difficult  to  recognize.' 

There  was  a  tendency  to  carry  this  theory  of  substitution  too  far, 
and  when  Dumas  suggested  that  even  carbon  might  undergo  substi- 
tution ^  the  idea  was  ridiculed  by  Liebig.' 

In  the  meantime  liebig  had  himself  contributed  to  the  overthrow 
of  the  electro-chemical  theory. 

The  Constitutioii  of  Organic  Aoids.  Liebig  published  in  1838  ' 
a  paper  '  On  the  Constitution  of  Organic  Acids '. 

The  organic  acids,  it  must  be  remembered,  were  the  only  class  of 
substances  which  had  representatives  of  a  strictly  analogous  character 
among  inorganic  compounds,  and  any  new  theories  respecting  the 
structure  of  the  latter  would  necessarily  include  organic  acids. 
Before  discussing  the  subject  of  Liebig's  paper,  it  may  be  well  to 
gain  some  idea  of  the  views  generally  held  in  regard  to  the  constitu- 
tion of  acids  and  salts.  In  inoiganic  chemistry  salts  of  ozyacids 
were  assumed  to  be  compounds  of  non-metallic  oxides  (called  acids) 
with  metallic  oxides  or  bases.  What  we  now  term  acid  was  the 
hydrate,  the  water  being  sometimes  termed  basic  water,  which  indi- 
cated that  in  the  formation  of  salts  it  was  replaceable  by  a  base. 
The  same  principle  was  applied  to  organic  acids  and  salts,  C2O3 
standing  for  oxalic  acid  and  C4He03  for  acetic  acid,  as  already  pointed 
out  (p.  7).  The  molecular  weight  of  an  acid  was  derived  from  the 
neutral  salts,  which  were  assimied  to  contain  one  equivalent  of  base 
united  to  one  of  acid.  Thus,  sulphuric  acid  and  the  sulphates  were 
written  SO3  +  HjjO,  SO3  +  KO,  SO3  +  AgO,  SO3  +  CaO,  &c.  An  acid 
salt  was  a  neutral  salt  combined  with  an  equivalent  of  hydrated 
acid ;  a  basic  salt  was  a  neutral  salt  with  an  additional  equivalent  of 
base.  Bisulphate  of  potash,  as  it  was  then  called,  had  the  formula 
SO3 .  H2O  +  SO3 .  KO.  The  molecular  weight  of  an  organic  acid,  like 
citric  acid,  was  determined  from  its  silver  or  lead  salt.  According  to 
Berzelius  C4H4O4  +  AgO  was  the  silver  salt  of  citric  acid,  C4H4O4  +  H^O 
was  the  acid  hydrate,  and  C4H4O4  stood  for  the  acid.*  The  varying 
basicity  of  acids  was  not  recognized. 

There  was  one  exception  to  tho  above  rules.  In  ordinary  sodium 
phosphate  the  ratio  of  one  equivalent  of  base  to  one  of  acid  would 

1  J.  prakt  Chem.,  20,  281.  t  Annakn,  1840,  33,  SOS. 

»  Armalen,  18S8,  26,  118;  OsttralH.    ^laS^^f  ^^  ^^' 

*  These  formulae  are  obriousL  7  8  A'llct.    The  correct  formula  of  the  acid 
hydrate  determined  by  the  metli^Mfi0f^podL  would  be  C4H4O4  +  H4O, . 
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give  the  formula  (leaving  out  water)  PO24  +  NaO,  and  this  was  there- 
fore altered  to  P205  +  2NaO.  The  additional  molecule  of  water, 
which  we  now  recognize  as  forming  a  part  of  the  compound,  was 
included  in  the  total  water  of  crystallization.  But  a  curious  anomaly 
was  discoyered  by  Clark.  In  attempting  to  prepare  anhydrous  sodium 
phosphate  he  found  that  the  ordinary  crystalline  phosphate  loses 
water  on  heating,  but  forms  a  new  salt,  which  has  properties  entirely 
distinct  £rom  common  sodium  phosphate,  and  does  not  unite  at  once 
with  water  to  form  the  original  compound.^  The  explanation  was 
giyen  by  Graham.  He  showed  that  there  exists  in  phosphoric  acid 
three  molecules  of  water,  which  are  replaceable  by  one,  two,  or  three 
molecules  of  base  as  follows : 

P2O5  +  3H2O ;  P2O5  +  2HaO  +  NaO ;  PgOg  +  H2O  +  2NaO ; 

P2O5  +  3NaO ;  PjOj  +  SAgO.'^ 

He  distinguished  between  the  three  molecules  of  combined  water 
and  the  water  of  crystallization.  When  the  water  of  crystallization 
is  expelled  no  change  in  chemical  properties  results;  but  if  the 
temperature  is  raised  so  as  to  drive  off  the  combined  water,  then 
salts  of  new  acids  are  formed.  He  prepared  in  this  way  the  sodium 
salts  of  pyro-  and  meta-phosphoric  acids  and  the  acids  themselves  by 
heating  ordinary  phosphoric  acid.  Graham  proved  in  this  way  that, 
whereas  ordinary  phosphoric  acid  has  three  replaceable  atoms  of 
water  and  is  therefore  tribasic,  pyrophosphoric  acid  contains  two  and 
is  dibasic,  and  metaphosphoric  acid  only  one,  and  is  therefore  mono- 
basic. 

laebig  carried  these  researches  into  the  field  of  organic  chemistry. 
He  found,  for  example,  that  citric  acid,  like  phosphoric  add,  formed 
three  series  of  salts,  and  that  the  analysis  of  the  acid  dried  at  100^ 
did  not  agree  with  the  formula  of  Berzelius,  but  must  be  represented 
by  C12H10O11  +  3H2O.  The  analogy  between  phosphoric  and  citric 
acid  could  be  carried  even  further,  for  dtric  acid  on  heating  loses 
water  and  is  converted  into  pyrocitric  acid  (citraconic  acid),  which  is 
dibasic  The  old  rule  for  determining  the  molecular  weight  of  an 
add  as  the  quantity,  which  saturates  one  equivalent  of  base,  had  to 
be  relinquished,  and  it  now  became  necessary  to  fix  beforehand  the 
baddty  of  the  acid  before  the  weight  of  the  molecule  could  be  ascer- 
tained, liebig's  rule  was  to  find,  in  the  first  instance,  whether  the 
add  was  capable  of  uniting  with  more  than  one  kind  of  base.  Thus 
tartaric  add  was  dibasic,  as  it  formed,  in  the  case  of  Rochelle  salt 

^  PhO.  Trans,,  1S83,  2,  280. 

^  The  equivalent  notation  in  which  phosphorus  had  doable  its  present  combin* 
ing  weight  represented  phosphoric  acid  as  PO5 . 
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and  tartar  emetic,  a  tartrate  of  potash  and  soda,  and  of  potash  and 
antimony  oxide.  Sulphuric  acid,  on  the  other  hand,  remained 
monobasic,  because  a  sulphate  with  two  bases  was  imknown.  The 
acid  sulphates  continued  to  be  written  as  a  double  molecule  of  add 
and  neutral  salt. 

At  the  close  of  the  paper  Idebig  reyiews  the  whole  question  of  the 
presence  of  water  in  acids.  He  saw  that  the  separation  of  water  by 
the  action  of  a  base  on  an  acid  is  an  insufficient  explanation,  for  the 
oxygen  of  the  water  may  be  conceiyed  as  coming  from  the  metallic 
oxide  just  as  well  as  existing  already  combined  in  the  acid  hydrate. 
Moreover,  in  the  case  of  organic  acids  the  presence  of  water  is  im- 
probable, since  the  anhydrous  acids  are  purely  fictitious  entities^ 
having  never  been  isolated. 

Liebig  revived  the  theory  of  Davy  (1809)  and  Dulong  (1819)  in 
regarding  adds  as  compounds  of  hydrogen,^  and  he  pointed  out,  as 
they  had  done,  that  it  was  iUogical  to  separate  the  halogen  adds, 
hydrocyanic  acid,  and  hydrogen  sulphide  from  the  oxyadds  by  an 
artificial  barrier.  He  further  contended  that  if,  for  example,  silver 
sulphocyanide  is  Cy2S  +  SAg,  the  silver,  being  already  present  as 
sulphide,  should  not  separate  in  this  form  when  hydrogen  sul- 
phide acts  upon  the  salt,  but  the  reverse  actually  happens ;  if,  then, 
silver  sulphocyanide  is  Cy2S2  +  Ag  and  the  sulphocyanic  acid  is 
CygSj  +  Hg,  then  cyanic  acid  must  be  Cy202  +  H2,  and  so  on  with  the 
other  adds. 

The  conception  of  acids  as  compounds  of  hydrogen  did  not  at  once 
replace  the  older  view,  but  by  a£fording  a  simple  and  legitimate 
interpretation  of  the  formation  of  salts  from*  acids  by  the  substitu- 
tion of  hydrogen  by  a  metal,  it  threw  doubt  on  the  validity  of  the 
electro-chemical  theory. 

Ii«rhardt  and  Xaiirent.  The  theory  of  polybadc  acids  was 
subsequently  modified  and  expanded  by  Charles  Oerhardt  and 
Auguste  Laurent,  two  chemists  whose  names  will  always  be  linked 
together  in  the  history  of  chemical  science.  They  were  essentially 
reformers^  and,  like  many  ardent  reformers,  they  relentlessly  threw 
over  time-honoured  formulas  and  rode  rough-shod  over  cherished 
traditions.  In  their  place  they  set  up  empiric  rules  of  classification 
and  artificial  systems  of  notation  and  nomenclature  which  were 

'  Davy  supported  his  view  on  the  ground  that  potasaiom  chlorate  parts  with 
its  oxygen  on  heating  and  forms  potassiam  chloride,  and  concluded  that  this 
stronger  affinity  of  the  metal  for  ^e  acid  than  for  oxygen  must  also  obtain 
among  the  oiyaeids.  Pulong  based  his  opinion  on  the  oonstitution  of  the 
oxalates,  which  he  regarded  aT^Jhan  dioxide  united  to  the  metal,  thus : 
2C0,  +  Pb  and  oxalic  acid  SCO,  +  ^^^^ 
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diflBcalt  to  undeistand  or  assimilate.  They  thus  alienated  the  sym* 
pithy  of  their  feUow  chemists,  who  treated  them  in  a  manner  now 
painfnl  to  contemplate.  Although  no  action  on  the  part  of  Qerhardt 
and  Laorent  justified  such  treatment,  yet  it  must  be  confessed  that 
had  they  adopted  a  less  uncompromising  attitude  towards  men  who 
were  their  seniors  in  years  and  reputation,  it  would  have  gone  fiur  to 
soften  the  asperities  of  a  situation  which  they  unfortunately  helped 
to  create.^ 

Tk0  Vniiazy  Qystem.  Gerhardt  and  Laurent  clearly  saw  the 
confusion  into  which  the  electro-chemical  theory  had  plunged  organic 
chemistry,  and  they  set  themselves  resolutely  to  extricate  it  from  the 
network  of  vague  and  unprofitable  speculations  in  which  it  had 
become  involved.  Li  Laurent's  preface  to  his  Chemical  Method*  he 
writes:  '  The  confusion  which  reigns  in  the  ideas  is  even  greater  than 
thmt  which  obtains  in  the  facts ;  for  the  principles  upon  which  the 
majority  of  chemists  rely  for  the  explanation  and  co-ordination  of 
&cts  are  80  vague,  so  uncertain,  that  not  only  do  two  chemists  exphun 
the  same  phenomena  in  two  different  ways,  but  even  one  and  the 
same  person  abandons  an  explanation  he  gave  yesterday  for  a  new 
one  he  proposes  to-day,  and  which  he  will  abandon  to-morrow  for 
a  third.'  Gerhardt,  in  his  PrMs  de  chimie  orgamque  (1844),  says 
much  the  same  thing :  '  When  a  chemist  at  the  present  time  observes 
a  reaction  or  analyses  a  new  substance  his  first  care  is  to  conceive 
a  little  theory  which  shall  explain  the  phenomena  according  to 
electro-chemical  principles,  and  it  is  customary  to  create  a  hypo- 
thetical radical  in  order  to  adapt  these  principles  to  the  new  com- 
pound ' ;  and  again,  *  Six  or  seven  formulae  have  been  suggested  for 
alcohol,  each  observer  trying  to  support  his  own ;  but  after  all,  each 
of  these  formulae  is  but  the  expression  of  one  or  two  reactions.  Upon 
one  thing  only  are  we  agreed,  and  that  is  the  empiric  formula  for 
alcohol'  They  laid  aside  the  electro-chemical  theory  and  the  doctrine 
of  the  compound  radical  as  fixed,  proximate  constituents.  Organic 
compounds  were  no  longer  binary  compounds,  nor  an  arrangement 
of  certain  fixed  groups  of  elements.  They  were,  as  Dumas  expressed 
it,  idijiees  simples^  simple  structures,  in  which  one  or  more  elements 
might  be  replaced  by  others.  In  opposition  to  the  binary  or  dualistic 
principle  the  system  was  termed  unitary.  Beactions  were  expressed 
by  equations,  but  not  in  the  customary  fashion,  for  they  did  not,  by 
radicals,  formulate  any  preconceived  internal  structure  of 


^  Viedg  Ckarles  Gerhardt,  by  Grimaux  and  Gerhardt,  Maason  k  C**,  Paris,  1900. 
'  C%tmkaJ  Memod,  by  A.  Laurent,  trana.  by  W.  Odling,  CaTendish  Society's 
London,  1866. 
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the  substances  taking  part,  but  merely  indicated  the  interchange  of 
constituents.  The  interchange  was  ascribed  to  the  stability  of  such 
combinations  as  water,  hydrochloric  acid,  carbonic  acid,  and  anmionia, 
which,  though  they  might  be  eliminated  in  the  process,  did  not  there« 
fore  pre-exist  in  any  of  the  reacting  substances.  The  new  compound 
was  formed  by  a  double  decomposition  accompanied  by  the  removal 
of  a  part  of  the  reagent,  in  combination  with  part  of  the  reacting 
substance,  and  the  residues  or  restanfs  then  united. 

Ctarhardf  s  Theory  of  Sendnas.  This  embodied  the  principle 
of  Gerhardt's  system  of  residues  and  copulated  compounds  which 
appeared  in  1889.^  The  fundamental  idea  was  that  of  substitution, 
for,  according  to  Gerhardt's  rule,  '  the  element  which  is  removed  is 
replaced  by  the  equivalent  of  another  element  or  by  the  residue  of 
the  reacting  substance.' 

Gerhardt  represented  the  action  of  nitric  acid  on  benzene  thus : 

residue  product  eliminated  residue 

CeH«  H2  -I-  O  O^HN 

Benzene  Nitric  acid 

The  residue  HNO2  replaced  the  atoms  of  hydrogen  in  benzene.  The 
action  of  ammonia  on  benzoyl  chloride  was  expressed  in  a  similar 
way :  C7H5OCI  +  NH3  =  CtHjOCNHJ  +  Ha. 

Chlorine  is  removed  firom  benzoyl  chloride  and  hydrogen  from 
ammonia,  and  the  two  residues  unite  to  form  benzamide. 

Co]\Jiigatad  Compoimdfl.  The  introduction  of  the  term  ccfptda  or 
conjunct  arose  in  the  following  way:  the  action  of  nitric  acid  on 
benzene,  or  sulphuric  acid  on  alcohol  has  no  parallel  in  that  of  an 
acid  on  a  base  in  inorganic  chemistry,  except  that  water  is  removed. 
Nitrobenzene  is  not  a  salt,  for  the  acid  and  base  cannot  be  replaced 
by  other  acids  or  bases,  and  in  sulphovinic  acid  and  the  sulphonic 
adds  the  sulphuric  acid  can  no  longer  be  detected  by  ordinary 
reagents.  The  original  constituents  are  completely  masked  and  the 
residues  may  have  their  atoms  differently  arranged.  They  are,  as 
Dumas  expressed  it,  in  a  form  of  substitution.*  The  action  of  nitric 
acid  on  benzene  can  be  represented  as  a  substitution,  as  already 
pointed  out,  but  not  that  of  sulphuric  acid  on  a  hydrocarbon  or 
alcohol,  for  the  saturation  capacity  of  the  acid,  according  to  the 
formulae  then  in  use,  remains  unchanged.     Different  bases  may 

'  Ann.  Chim.  Phys.^  1839,  72,  ISO. 

*  This  farm  of  substUutUm  bears  a  close  resemblance  to  non-ionisable  com- 
pounds. 
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saturate  the  acid,  but  the  organic  constituent  renudns  permanently 
attached.  This  indifferent  residue  which  was  attached  to  the  acid 
was  called  by  Gerhardt^  the  copula  and  gave  rise  to  the  term 
copulated  compounds  (sels  copula),  which,  however,  very  soon  lost 
its  original  meaning.  When  the  different  basicities  of  the  acids 
was  iecog;nized  and  sulphuric  acid  became  in  €^rhardt*s  system 
dihasie  then  the  term  copulated  compound  or  conjugated  compotmdj 
as  it  was  caUed  by  Dumas,  received  the  following  interpretation:' 
'The  basicity  or  saturation  capacity  of  a  conjugated  compound  is 
ahrays  leas  by  one  unit  than  the  sum  of  the  basicities  belonging  to 
the  two  original  substances.'  Thus  benzenesulphonio  acid,  obtained 
from  benzene  and  sulphuric  acid,  is  monobasic,  whilst  benzene- 
solphobenzoic  acid,  which  is  formed  firom  benzoic  acid  and  sulphuric 
acid,  making  a  total  of  three  units  of  basicity,  is  dibasic.  When  the 
nugority  of  organic  compounds  with  acids  was  embraced  by  the  term 
eonjugated,  this  rule  was  applied  to  determine  the  basicities  of  acida 
It  was  taken  as  a  proof  that  nitric  acid  was  monobasic  because  it 
tormed  a  neutral  compoimd  with  benzene. 

Fona«lae  of  Ctarhardt  and  Laurent.  The  attempt  to  attach  to 
the  terms  atom,  molecule,  volume,  and  equivalent  a  definite  and 
logical  meaning  and  to  establish  a  rational  system  of  chemical 
formulae  was  one  of  the  most  important  services  rendered  by 
Gerhardt  and  Laurent  to  chemical  science.  It  has  already  been 
stated  that  the  different  opinions  which  existed  on  the  interpretation 
and  in  the  application  of  these  expressions,  was  such  that  many 
chemists  had  renounced  the  atomic  system  of  Berzelius  and  taken 
refuge  in  Gmelin's  equivalent  notation.  Their  troubles  were  not  at 
an  end  and  difficulties  still  pursued  them.  It  could  scarcely  be 
otherwise  so  long  as  the  molecule  remained  an  indefinite  quantity. 

Gerhardt'  introduced  a  new  principle.  Beviving  Avogadro*s  law, 
thoQ^  in  a  somewhat  restricted  sense,  he  proposed  to  make  the 
equivalents,  by  which  he  implied  molecules,  of  all  volatile  compounds 
and  gases  correspond  to  equal  volumes.  For  this  reason  he  reinstated 
Berzelius*  old  formula  H^O  for  water,  seeing  that  it  was  composed 
of  two  voltmies  of  hydrogen  and  one  of  oxygen.  From  the  density 
of  mercury  vapour,  mercuric  oxide  received  the  formula  HggO  in 
place  of  HgO,  and  the  other  basic  oxides  were  referred  to  the  same 
general  type  MgO.    The  result  was  that  the  atomic  weights  of  all 

^  Ann.  Chim.  Pkys,^  1889,  72,  186 ;  Gmelin's  Handbook,  7,  213. 

'  Priei$  de  Chimit  Organique,  I,  08  ;  Laurent^s  Chemical  Method^  p.  211. 

'  PrMs  de  CMmU  Organiquie,  I,  52. 
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the  metals  were  halved,  whereby  only  the  alkali  metals  and  sQver 
received  their  present  values. 

Law  of  Syen  Vnmbers*  In  his  original  memoir  published  ia 
1842  Gerhardt^  determined  the  molecular  weight  by  taking  the 
weight  of  four  volumes  of  vapour  (compared  with  one  of  hydrogen). 
Finding  that  by  so  doing  the  number  of  molecules  of  water  or 
carbonic  acid  removed  in  a  chemical  decomposition  was  always  even, 
he  proposed  to  double  the  molecular  weights  of  these  substances 
whereby  they  would  become  equivalent  to  ammonia  NjH^  and 
correspond  to  four  volumes.  The  decomposition  of  benzoic  acid  into 
benzene  or  of  lactic  acid  into  lactide  were  usually  represented  as 
follows: 

C14H2.2O4  =  Ci^B-u  ■*■  2CO2 

Benzoic  acid.    Benzene. 

C,Hi,0,-C,HgO«  +  2HiO 

Lactic  acid.     Lactide. 

It  naturally  followed  that  every  organic  compound  contained  an 
even  number  of  carbon  atoms,  which  suggested  to  Qerhardt  and 
Laurent  the  idea  embodied  in  their  empiric  *  law  of  even  numbers ', 
according  to  which  the  sum  of  the  carbon  and  oxygen  atoms  on  the 
one  hand  and  of  hydrogen,  the  halogens,  metal  and  nitrogen,  on  the 
other,  was  divisible  by  2. 

These  views  were  very  soon  modified.  In  the  Pr&^is  de  CSi/imie 
Organique  already  referred  to,  in  place  of  four  volumes  the  two  volume 
basis  of  molecular  weights  is  adopted,  and  all  the  formulae  are  halved. 
Hydrochloric  acid,  ammonia  and  water  appear  as  HQ,  NH,  and 
H2O,  ether  is  C4H10O  and  alcohol  Cfifi,  &c.  The  Law  of  Even 
Numbers  was  restricted  to  the  sum  of  the  hydrogen  halogens, 
nitrogen,  phosphorus  and  arsenic  atoms.  The  law  still  holds,  and 
depends  on  the  quadrivalency  of  carbon.  Though  at  the  time  purely 
empirical,  it  had  the  effect  of  drawing  attention  to  many  formulae, 
which  proved  to  be  inaccurate  and  which  were  corrected  and 
simplified. 

Bwdciiy  of  Acids.  The  halving  of  the  atomic  weights  of  the 
metals  and  the  introduction  of  the  two  volume  standard  of  molecular 
weights,  brought  out  clearly  the  relation  between  related  compounds. 
Acetic  acid  was  now  written  C2H4O2  and  silver  acetate  CsHjAgOg, 
oxalic  acid  was  C2H2O4  and  silver  oxalate  C2Ag204.  The  basicity  of 
the  acid  appeared  as  the  number  of  hydrogen  atoms  replaceable  by 

^  Bam  Bdtntifiqiu  df  QyntmtviUt,  1872. 
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a  metaJ,  and  bask  water  neeessarily  ▼aniahed.   The  aezies  were  written 

Kitrie  acid  NO, .  H  Snlphmie  acid  SO4  •  H,       Phosphoric  aeid  PO4 .  H, 

Formie  „      CHO,.H        Oxalic  ,,     C,0«.H,      Citric  „    CcHsQ^.H, 

Other  criteria  of  basicity  were  afterwards  added  by  Gerhardt  and 
Lmrent.  It  was  no  longer  essential  that  an  aeid  to  be  dibasie  shocdd 
lioixn  a  doable  salt  with  two  different  bases,  as  defined  by  Liebig 
(pt  23).  An  acidy  if  monobasic,  formed  one  salt,  one  ether  and  one 
neutral  amide.  It  was  dibasic  if  it  fonned  an  acid  and  neutral  salt, 
an  acid  and  neutral  ether  and  an  add  and  neutral  amide^  as  well  as  an 
add  chloride  containing  two  atoms  of  chlorine. 

Sulphuric  add  and  oxalic  acid  were  consequently  dibadc  and 
fRmed  the  following  series  of  derivatiTes :  ^ 

CjOf .  H2  Sulphuric  acid  SO4 .  H, 


PoUflBmn  ethyl  oxalate    C^O^CCtHOK  Potanimn  sulphate       SO^.K, 

Diethyl  oxalate  Cfi^lc^K^^^  PotMunm  bimlphate    8O4.KH 

Cfi/KR^)l  SulphoTinic  acid  S04(C,Hs)H 


Oxamicadd  C,0,(NH2)H  Ethylic  sulphate  SO^CCtH^), 

The  radicals,  atfiiaientirely  discarded  by  Gerhardt^  were  afterwards 
introduced  into  his  reddues.  It  was  clear  that  in  a  substance  like 
acetic  ether  some  kind  of  fixity  existed  between  the  constituent 
parts,  acetic  add  and  alcohol,  from  which  it  was  obtdned  and  into 
it  could  easily  be  converted. 


Oesluuedf a  Bfmtm  of  daMdficatUm.  We  cannot  condude  an 
account  of  Gerhardfs  contributions  to  organic  chemistry  without 
a  brief  reference  to  his  system  of  classification  which  appeared  in 
the  Pteds  of  1844.  He  begins  by  defining  organic  chemistry  as  the 
diemMry  of  carton  compounds^  and  proceeds  to  show  how  living 
nature  has  elaborated  the  most  complex  of  these  substances,  the 
simj^r  ones  being  products  of  their  decompodtion.  The  latter  may 
be  obtained  artificially ;  but  the  chenust  has  not  yet  succeeded  in 
building  up  the  former.  He  then  proceeds  to  explain  how  a  simple 
daasification  may  be  obtained  by  arranging  compounds  having 
dmfliKr  properties  according  to  the  number  of  carbon  atoms  which 
they  contain,  and  which  he  termed  ^^idle  de  combustion.  In  the 
different  series  the  carbon  and  hydrogen  api>ear  in  the  ratio  of  one 
to  twou  Expanding  an  idea  which  Dunuis  had  applied  to  the  organic 
adds,  and  Schiel  (1842)  to  the  alcohols,  Gerhardt  pointed  out  that  if 
B  stands  for  this  ratio,  then  marsh  gas  and  the  paraffin  series  are 

*  Laurent's  Oiemieal  Method  (Eiig.  trans.)*  ^h  76,  and  225. 
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i*epresented  by  R*"^,  the  alcohols  by  R*"'Of  and  the  acids  by  BO^,  &c. 
To  these  series  he  gave  the  name  of  corps  homologues.  He  arranged 
all  organic  compounds  according  to  the  number  of  their  carbon 
atoms  on  the  same  rung  of  his  '  ladder ',  and  called  it  9k  family, 

Laurent's  Atoms,  MolaeiileSy  and  Sqnivalsnts.  In  his  new 
S3n3tem  Qerhardt  regarded  as  synonymous  the  terms  atom,  equiva- 
lent, and  volume,  by  which  he  understood  what  we  now  express  by 
the  word  mokcuU.  Laurent^  drew  clearer  distinctions  between 
them.  An  equivalent,  he  stated,  was  a  number  which  in  addition 
to  indicating  the  combining  weight  also  expressed  a  function  of 
an  element.  Thus,  the  quantity  of  different  bases  required  to 
neutralize  the  same  quantity  of  acid  is  its  equivalent.  The  quantity 
of  oxygen  which  replaces  hydrogen  in  a  compound  is  its  equivalent, 
but  this  does  not  imply  an  equal  number  of  atoms ;  for  it  is  generally 
found  that  an  atom  of  oxygen  will  replace  two  atoms  of  hydrogen. 
These  equivalents  are  not  easy  to  determine ;  for  different  groups  of 
elements  have  frequently  entirely  different  functions,  which  cannot 
be  directly  compared.  Manganese  in  the  manganous  salts  is  equiva- 
lent to  calcium  ;  in  the  manganates  it  is  equivalent  to  sulphur  (as  in 
the  sulphates) ;  and  in  the  permanganates  to  chlorine  (as  in  the  per- 
chlorates).  But  if,  he  said,  we  assume  that  equal  volumes  contain 
an  equal  number  of  atoms  (molecules),  the  atoms  become  strictly 
comparable  quantities  independent  of  the  function  of  the  elements 
they  contain.  In  reactions  with  chlorine  Laurent  observed  that  the 
atoms  taking  part  are  invariably  an  even  number.  Thus,  from  naph- 
thalene and  chlorine  new  products  are  formed  both  by  addition  and 

substitution : 

CioHg  +  CI2  ~  C10H8CI2 

C'lo^s  +  2CI2  «  C10H8CI4 

CioH^  +  CI2  =  C10H7CI  +  HCl,  &a 

Adopting  the  suggestion  made  by  Ampere  that  the  atoms  of 
hydrogen  and  chlorine  are  divisible,'  he  concluded  that  the  elemen- 
tary gases  are  composed  of  two  atoms,  and  he  then  formulated  the 
distinction  between  atoms  and  molecules,  which  had  been  pointed 
out  so  clearly  forty  years  before  by  Avogadro  and  Ampere,  and 
which  we  still  accept.  When  atoms  of  hydrogen  and  chlorine  unite 
they  do  not  simply  become  attached ;  but  the  molecules  of  hydrogen 
and  chlorine  first  divide  into  atoms : 

HH  +  aCl=HCl  +  HCL 

It  was  then  no  longer  necessary  to  distinguish,  as  Gerhardt  had 

'  Chemical  Method,  p.  7.  -  ChemicoJL  Mithod,  p.  65. 
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done,  between  the  atoms  of  elementary  gases,  which  were  determined 
honk  the  weight  of  single  volumes,  and  those  of  volatile  compounds, 
which  were  fixed  by  the  ratio  of  two  volumes  to  one  of  hydrogen. 
The  molecules  of  all  gases  could  now  be  brought  into  line  and  deter* 
mined  on  the  two  volume  basis.  It  was  considerations  of  this 
natore,  as  well  as  the  law  of  even  numbers,  which  suggested  to 
Laurent  the  formula  Cj^  for  free  cyanogen,  instead  of  Cy,  and 
(€£[3)2  for  that  of  the  newly  discovered  radical  methyl  .in  place 

of  CH3. 

In  spite  of  views  thus  clearly  expressed  and  fully  endorsed  by 
both  Laurent  and  C^hardt^  it  is  curious  to  find  in  Oerhardt's  treatise 
on  Organic  Chemistry,  the  first  volume  of  which  appeared  in  1858, 
file  reappearance  of  the  atomic  weights  and  barred  symbols  of  Berze- 
hus,  an  account  of  the  new  system  being  relegated  to  the  last  volume 
of  the  book.  The  strong  prejudice  which  still  existed  in  favour  of 
the  old  notation  is  evident  from  Qerhardt's  reply  to  Pebal  who  ques- 
tioned him  on  the  subject:  ^My  book  would  never  have  found  a 
purchaser.'^  The  new  system  made  few  converts  until  after  the 
^ipearance  of  the  celebrated  brochure  of  Cannizzaro  in  1868,'  in 
vdiich  the  principle  of  determining  molecular  weights  by  means  of 
flie  vapour  density  was  s]fstematically  laid  down  and  logically  carried 
through.  Until  that  time  the  equivalent  notation  of  Gmelin  became 
almost  universal. 

We  must  interrupt  the  narrative  at  this  point  in  order  to  follow 
the  fortunes  of  Berzelius  and  his  followers,  who  still  adhered  to  the 
radkdl  theory,  as  it  was  termed,  in  opposition  to  the  tlieoty  of  sub- 
dUutiofL 

The  School  of  Benaliiui;  After  a  masterly  criticism  of  Dumas' 
theory  of  types,'  Berzelius  drifted  entirely  away  from  the  French 
school,  which  now  claimed  liebig  and  a  growing  number  of  the 
younger  G^erman  chemists  among  its  adherents.  Nothing  could 
shake  his  fiiith  in  the  electro-chemical  theory  to  which  he  clung 
more  firmly  than  ever. 

Beviving  Lavoisier^s  definition  of  a  radical,  Berzelius  wrote :  '  An 
oxide  cannot  be  a  radicaL  The  very  meaning  of  the  word  indicates 
that  it  is  the  body  which  is  united  to  oxygen.  To  regard  a  radical 
as  an  oxide  would  be  equivalent  to  supposing  that  sulphurous  acid 
(SO2)  is  the  radical  of  sulphuric  acid,  and  manganese  peroxide  (Mti02) 
that  of  manganic  acid.' 

1  Ortwald's  KUusiher,  No.  80,  p.  56,  footnote. 

'  Nmco  GmmlOf  1868,  vol.  vii.  *  Jahresb.,  1840,  20,  280. 
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As  only  carbon,  hydrogen  and  nitrogen  could  form  part  of  an 
electro-pofiitiYe  radical,  chlorine  as  well  as  oxygen  had  to  disappear 
from  the  radicaL  Benzoyl  C14H10OS  the  radical  of  benzoic  acid, 
originally  accepted  by  Benselius,  was  now  replaced  by  'picramyl' 
C14H10,  and  the  chlorine  substitution  products  were  explained  as  chlo- 
rides of  hydrocarbon  radicals.  A  difficulty  was  presented  by  bodies 
which  contained  both  chlorine  and  oxygen.  In  such  cases  it  became 
necessary  to  double  and  sometimes  to  treble  the  original  formula. 
This  led  to  the  introduction  of  the  copula  or  conjunct  {PaarUng)^  an 
expression  borrowed  from  G^rhardt,  but  employed  in  an  entirely 
different  sense.  Thus,  phosgene  was  written  CO2  +  CCI4,  that  is  a 
compound  of  oxide  of  carbon  united  to  the  co^junct^  chloride  of 
carbon.     For  the  same  reason  benzoyl  chloride  became : 

2C24H10O3  +  CiiJo.iQCi^ 

Thus  Berzelius  continued  laboriously  to  construct  his  electro-chemical 
formulae  upon  a  foundation  which  every  moment  became  more 
insecure.^ 

Chloracetic  acid  and  acetic  acid  were  at  first  regarded  by  Berzelius 
as  distinct  and  unrelated,  acetic  add  being  the  trioxide  of  acetyl 
C4H9  whereas  chloracetic  acid  was  oxalic  acid  united  to  the  conjunct^ 
chloride  of  carbon, 

CaCle  +  C2O3  +  HjO. 

The  complete  analogy  shown  to  exist  between  the  properties  of 

the  two  substances  (p.  20)  and   Melsens'  discoYery  (1842),  that 

chloracetic  acid  can  be  conyerted   by  reduction  with    potassium 

amalgam  and  water  into  acetic  acid,  removed  this  shadowy  distinction, 

and  both  substances  now  appeared  as  conjugated  compounds  of  oxalic 

acid,  one  containing  the  radical  methyl  C2HQ,  and  the  other  chloride 

of  carbon  C^Cl^ : 

CjHe  +  C2O3  +  HjO 

CaCli  +  C2O3  +  H2O 

The  replacement  of  hydrogen  by  chlorine  in  the  conjunct  did  not, 
according  to  Berzelius,  materially  affect  the  properties  of  the 
compound. 

Still  the  one  compound  was  virtually,  although  not  admittedly^ 
a  substitution  product  of  the  other.  In  his  satisfaction  in  the  con- 
junct he  had  sacrificed  the  int^^rity  of  the  radical  and  tacitly  accepted 
the  principle  of  substitution. 

In  1845,  Hofmann  announced  the  discovery  of  the  chlorinated 

1  Jakntb.,  1839, 19,  875. 


THE  SCHOOL  OF  BERZELIUS  88 

and bromiiuiled  Miilinpn^^  and  later  the  iodo-,  cyano-  and  nitro-anilines, 
idiidi  stfll  retained  the  basic  character  of  the  original  compound, 
aUhon^^  the  property  was  weakened  in  proportion  to  the  amount 
of  hydrogen  rephused.  Berzelius  explained  the  change  by  repre- 
■M**jt»g  aniline,  as  he  represented  the  alkaloids,  as  ammonia  con- 
jigsted  with  a  hydrocarbon  Gi^Hg  +  N^H^  ;  chloraniline  would  then 
be  ammonia  attached  to  the  conjunct  C^^^^a*  'J^i^  yiew  was 
at  first  accepted  by  Hofmann,'  but  he  soon  found  a  difficulty  in 
eiplaining  the  anomalous  behaviour  of  aniline  oxalate,  written 
H2H«(Ci2Hg)H2C204,  which,  unlike  ammonium  oxalate,  refused  to 
yield  a  cyanogen  derivatiye  on  heating.  This  anomaly  is  removed 
if  aniline  is  an  amido  comi>ound  ;  for  if  water  is  eliminated  from 
^]  JIi^H4N^  •H2G2O4  the  radical  phenyl  Gi^Hiq  must  be  destroyed.' 

Thus  aniline  and  its  derivatives  took  rank  as  phenyl  substitution 
products  of  ammonia. 

In  8i»te  of  the  rapidly  accumulating  evidence  in  &vour  of  the 
snfastitation  theory,  Berzelius  never  relinquished  the  electro-chemi- 
cd  theory  which  he  had  so  carefully  constructed  and  so  warmly 


In  the  Treatise  of  1827  he  prophetically  wrote:  'An  opinion 
long  held  often  brings  conviction  of  its  truth.  It  hides  from  us 
its  weaker  points,  and  thereby  renders  us  incapable  of  accepting 
adverse  views.' ^  Tet  nothing  could  be  more  unjust  than  to  infer 
that  the  views  of  Berzelius,  misleading  as  they  proved,  were  unpro- 
doctive. 

The  Kegearches  of  Fraiddaad  and  Zolbe.  Two  disciples  of  his 
sdiool,  Frankland  and  Eolbe,  contributed  between  the  years  1840 
and  1850  a  aeries  of  researches  of  supreme  importance  to  organic 
chemistry,  which  now  rank  among  the  classics  of  chemical  literature. 
Kolbe's  opinions  were  influenced  by  the  results  of  his  first  important 
investigation  (1844)  on  the  action  of  moist  chlorine  on  carbon  bisul- 
phide;' for  it  is  here  that  the  galvanic  battery  is  first  mentioned  *  as 
perhapB  affording  the  experimenter  a  powerful  instrument  for 
disclosing  the  chemical  constitution  of  organic  compounds'.  The 
reaction  in  question  gave  rise  to  a  product,  which  was  decomposed 
by  potash,  forming  trichloromethylhyposulphuric  acid  (trichloro- 
methylsulphonic  acid).    By  the  successive  replacement  of  chlorine 

>  Chmrn,  Soe,  Kemoin,  1845,  2,  266  ;  Annakn,  1846,  53, 1 ;  54,  28. 

*  Amialen,  1848,  07, 172. 

*  ArmstroDg,  Memorial  Leetyrej  ChefUm  Sec  /.,  1898,  C55. 
«  TnaUm  (1827),  vol.  iii,  p.  60. 

*  Annalenj  1845, 54, 145. 
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by  hydrogen  Kolbe  obtained  a  series  of  compounds  which  in  the 
barred  notation  of  Berzelins  appeared  as  follows : 

HO  +  C2€l3,S,05 
HO  +  C^HGl^,  S2O5 
HO  +  CiHg^l,  SA 

HO  +  C2H3,SA 
The  compounds  were  represented  by  hyposulphuric  acid  conjugated 
with  methyl  or  substituted  methyl  radicals,  forming  a  parallel  series 
with  acetic  and  chloracetic  acids : 

HO  +  CaClg,  CgOs 
HO  +  G2H^2i  O2O3 
HO  +  CgHs^  C2O3 
HO  +  C2H3,  C2O3 

'  The  following  facts/  he  concludes^  'stand  in  a  certain  relation  to 
the  new  theory  of  substitution,  and  appear  at  first  sight  to  lend  it 
powerful  support* ' 

Whilst  formally  admitting  the  principle  of  substitution^'  Kolbe 
maintained  an  imshaken  faith  in  the  radicals  as  proximate  con* 
stituents  of  organic  compounds,  which,  however,  can  undeigo 
substitution  by  chlorine,  bromine,  amide^  nitrogen  peroxide,  &c.,  and 
the  object  of  many  of  his  polemical  writings  was  to  rehabilitate  the 
radical  theory  when  the  rival  type  theory  of  G^rhardt,  to  which 
reference  will  shortly  be  made,  threatened  to  replace  it 

It  was  in  the  attempt  to  isoLite  the  radicals  that  Kolbe  and 
Frankland  discoTered  the  first  general  synthetic  methods  for  pre- 
paring the  paraffins.  As  far  back  as  1834  Liebig  had  suggested  the 
possibility  of  isolating  the  radicals,  and  even  suggested  a  method  for 
doing  so.'  In  1889  LOwig  announced  the  separation  of  ethy]  C4H5 
by  the  action  of  potassium  on  ethyl  chloride,*  but  it  is  improbable 
that  the  substance  he  describes  was  the  compound*  in  question* 
By  acting  upon  ethyl  cyanide  with  potassium  Frankland  and  Kolbe 
hoped  to  remove  the  cyanogen  and  liberate  ethyL'  A  gas  was 
evolved  which  corresponded  in  composition  to  the  radical  methyl 
G2H3.*  In  the  expectation  of  preparing  methyl  chloride  they  treated 
the  gas  with  chlorine^  and  obtained  a  compound  which  could  be 
liquefied  under  pressure,  and  had  the  composition  C4H5eL  The 
substance  was  in  fact  ethyl  chloride,  and  the  hydrocarbon,  from 

»  Atmaien,  1846,  54,  187.  •  Annalen,  1850,  76,  214. 

>  Anmden,  1884,  0,  16.  *  Pogg.,  Ann,,  1839,  46,  846. 

'  Annakn,  1848,  66, 269. 

*  This  was  explained  by  supposing  ethyl  C^H,  to  break  up  into  methyl  G^H, 
and  olefiant  gas  CJSf, 
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wUeh  it  was  obtained^  ethane ;  bat,  by  some  alleged  dieerepaney  in 
propertiefl^  the  tme  nature  of  the  reaction  eacaped  them,  and  the 
dihxride  waa  deaeribed  aa  a  e<M]jngated  eompovind  of  methyl  with 
dikvomethyl  C^.  Csfts€l. 

Other  hydroeaibona»  and  the  firat  ci  the  hi^y  interesting  claaa  of 
oig^mo-nKfttallic  eompoonda,  were  afterwards  obtained  by  FranUand,* 
who^  in  eontinnation  of  the  aame  line  of  inyestigatiim,  aahetitnted 
&MB  MwBdmi  of  the  radieala  for  the  eyanidea  and  zinc  tar  potaaainm. 
By  tibe  action  of  zinc  on  ethyl  iodide  a  hydrocarbon  waa  obtained, 
wUdi  waa  loiAed  upon  as  the  free  radical,  written  now  without 
barred  atoms^  CJB.^^^  ^diilst  zinc,  ethyl  iodide  and  water,  when 
hnifrnd  under  preasoier  gaye  a  hydrocarbon  whieh  waa  identical  with 
that  proviooaly  obtained  by  Frankland  and  Kolbe  from  ethyl  cyanide 
and  potaasiam,  and  waa  omseqnently  methyl  Cfij^  Then  followed 
Qie  discovery  of  zinc  methyl,  zinc  ethyl,  &c,  and  the  correqwnding 
tm  and  moeory  compoonds  and  their  oxides,  whilst  LOwig  and 
Sdiweizer'  soceeeded  in  obtaining  the  antimony  deriyatiYee^  Wanklyn^ 
diacoyered  potaawinm  and  aodium  ethyl,  and  Friedel  and  Giafta,* 
silieonethj^ 

Hot  the  least  important  of  the  contributions  made  by  Kolbe  and 
FranUand  to  organic  chemiatry,  waa  the  discovery  of  the  synthesis 
of  organic  adds  from  the  eyanidea  of  the  radicals.*  This  research 
was  again  suggested  by  Berzeliua'yiewa  on  the  constitution  <xf  acetic 
add,  which  rqoesented  it  as  oxalic  acid  conjugated  with  methyL 

B  was  well  known  that  cyanogen  in  aqueous  solution  gradually 
danged  to  the  ammonium  salt  of  oxalic  acid  and  that  hydrocyanic 
add  eonld  be  converted  by  alkalis  into  formic  acid,  which  was 
written  as  oxalic  acid  conjugated  with  hydrogen  H,  G2O3  4-  HO. 

It  naturally  followed  that  methyl  cyanide  ahould  yield  methyl 
ozaUc  add,  L  e.  acetic  add,  and  so  with  the  other  cyanides.  The 
eiqporimental  results  fuUy  corroborated  these  conclusions.  More* 
over,  it  brought  out  dearly  the  relationship  of  the  adds  as 
a  aeriea  of  hydrocarbon  radicals  having  a  group  CjOj,  HO  in  common, 
which  translated  into  our  present  notation  corresponds  to  carboxyl : 

HO  +  H,  C2O3  Formic  add 

HO  +  C2H3,  G2O3     Acetic  acid 

HO  +  G4H5,  CJ)^     Propionic  add,  &c. 

>  QaawL  J.  CShem.  Soc,  1849,  2,  203 ;  Atmalenj  1849,  71,  171. 

*  Althoosl*  Kolbe  iiaed  tbe  banned  atoniB  in  his  formulae,  and  continued  to  do 
•o  as  late  mm  1860,  they  were  dropped  by  the  minority  of  ehemists,  who  employed 
only  the  eqafTalent  notation  (C  -■  6 ;  O  »  8,  Ac).  To  avoid  oonfdsion  the  bamd 
atom  is  bniceforth  omitted  in  all  the  formulae. 

'  Ammtim,  1860,  7S,  816w  *  AtauOen,  1868, 108,  67. 

•  Ammakm,  1863, 127,  31.  «  Amiaien,  1848,  05,  288. 
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In  direct  relation  to  this  research  stands  Kolbe's  investigation  into 
the  behaviour  of  the  fatty  acids  on  eIectrol3r8iBy  which  resulted  in  the 
discovery  of  a  new  synthesis  of  the  paraffins.^  It  arose  out  of  an 
attempt  to  oxidize  the  oxalic  acid  of  the  acids  to  carbon  dioxide  in 
the  hope  of  liberating  the  radical  with  which  it  was  united ;  or  in  his 
own  words,  '  Starting  from  the  hypothesis  that  acetic  acid  is  a  con- 
jugated compound  of  oxalic  acid  and  the  conjunct  methyl,  I  considered 
it,  under  these  circumstances,  not  at  all  improbable  that  electrolysis 
might  effect  a  separation  of  its  conjugated  constituents,  and  that  in 
consequence  of  a  simultaneous  decomposition  of  water,  carbonic  acid 
as  a  product  of  the  oxidation  of  oxalic  acid  might  appear  at  the  posi- 
tive, whfle  methyl,  in  combination  with  hydrogen,  viz.  as  marsh  gas, 
would  be  observed  at  the  negative  pole/  Although  the  process  did 
not  take  place  quite  in  the  manner  anticipated,  the  success  of  the 
experiments  is  too  well  known  to  be  recapitulated  in  detail.  The 
radical  methyl  C^^Ha  (in  reality  ethane)  was  supposed  to  be  liberated 
from  acetic  acid,  and  valyl  C^Hg  (in  reality  octane)  from  valeric  add.* 
The  idea  of  the  copula  or  conjunct  which  was  requisitioned  by 
Berzelius  to  divide  or  duplicate  his  formulae  for  dualistic  purposes, 
received  from  Kolbe  a  rather  more  definite  signification  than  Berze- 
lius had  attached  to  it,  and  led  to  very  interesting  developments. 

If  all  the  organic  acids  are  conjugated  oxalic  acids,  it  foUows  that 
the  character  of  the  radical  will  undergo  a  change  in  conformity  with 
this  view.  For  example,  the  original  acetyl  radical  C4He  of  Begnault 
which  was  employed  to  show  the  relationship  between  aldehyde, 
acetic  acid  and  allied  compounds  (p.  16),  was  now  broken  up  by 
Kolbe  into  the  conjunct  methyl,  which  was  attached  to  carbon  thus, 
(C2H3)''G2-  The  radical  contained  two  pairs  of  carbon  equivalents,  and 
different  functions  were  ascribed  to  each.  It  was  the  pair  lying^ 
outside  the  radical  which  was  supposed  to  afford  the  point  of  attach- 
ment for  oxygen  and  chlorine.  Some  of  Kolbe's  formulae  appear  aa 
follows : ' 

H0,(C,H3rC„0      Aldehyde 
HO,(C2H3)ra,03    Acetic  acid 

1  Qiuurt  J.  Chem.  Soc.,  1850,  2,  157 ;  Alembic  aub  ReprintM,  No.  15 :  AnmUen 
1849,  69,  257. 

'  It  is  a  curiouB  Cuet  that  the  formulae  of  both  hydrocarbons  (in  Kolbe's  nota- 
tion they  stood  for  C^H^,  GjH,,)  are  given  oorreetly,  though  transposed  into  the 
modem  form  they  would  stand  for  CH,  and  C«H,.  The  correspondence  is  aeci- 
dentidy  and  arises  on  the  one  hand  from  the  use  of  the  double  molecular  formula 
for  the  acid,  and  on  the  other  from  the  fact  that  the  radicals  unite  in  pairs  and 
form  substances  having  molecular  weights  double  of  those  recognized  by  the 
author  of  the  memoir. 

'  See  footnote  2  on  previous  page. 
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(CJSJPCjj^  Dichloro-hydrochloric  ether  (trichloroethane) 


fP;a^ .  (GsasTCs  A     TncUoraoetie  ether 
(C^  jrCi  {  ^  AceUnude 

(CtHsTCjN  Methyl  cyanide 

In  this  wxy  methyl  was  recognized  as  an  integral  pari  not  only  of 
aeeUe  acid,  but  of  maiah  gas  (CsHaJH,  which  it  3^elded  on  distillation 
wilh  lime,  and  of  cacodyl  ozid^  written  {O^^^^ABfOf  which  it  formed 
on  lifting  the  potaaainm  salt  with  arsenions  oxide.  It  explained,  more- 
orver,  why  the  last  equivalent  of  hydrogen  in  chloral  HO,  (C/jl^.^fO 
was  not  re|daoed  by  chl<»ine.  The  same  system  was  applied  to  other 
ncidi^  benzoic  add  and  its  derivatiyes  being  represented  by  oxalic  acid 
eonji^ated  witii  the  radical  phenyl  C12H5: 

HO,(Ci^jrC2,03  Benzoic  acid 

HO,(Cij  {  ^Q  TCifis     Nitrobenzoic  acid 

H0y(Gi2  j  .^i^  yC^fO^     Amidobenzoic  acid 


For  the  same  reason  that  marsh  gas  became  the  hydride  of  methyl, 
benzene  appeared  as  the  hydride  of  phenyl  (Ci2H5)H,  and  phenol  as 
its  ozyhydrate  HO .  (Gi^JO.^  In  this  way  Kolbe  sought  to  rehabi- 
litate the  compound  radical : 

The  constitution  attached  to  cacodyl  oxide  was  kter  extended  to 
caeodyl  and  the  organo-metallic  compounds  generally  in  which  the 
idffulff  appeared  as  the  coi^uncts  of  the  metals.  Kolbe  was,  indeed, 
the  first  to  interpret  correctly  the  constitution  of  cacodyl  to  the 
extent  of  regarding  it  as  arsenide  of  methyl  [C^^I^Ab. 

FranUand  dissented  £rom  tins  view.  It  was  generally  admitted 
that  the  saturation  capacity  of  a  substance  was  retained  in  a  conju- 
gated eonqwund.  Oxalic  add  has  the  same  saturation  capacity  in 
the  free  state  as  when  conjugated  with  the  radical  methyl  C2H3  in 
acetic  aeid.  This  was  not  the  case  with  the  metal  in  the  organo- 
metallic  compounds.  Cacodyl  in  cacodylic  acid,  which  is  the  highest 
oxidation  product,  is  only  imited  to  three  atoms  of  oxygen  instead 
of  fire  as  in  arsenic  add,  to  two  in  antimony  ethyl  and  to  only 
one  in  tin  ethyL  He  preferred  to  represent  these  compounds  as 
substftution  products  of  the  metallic  oxides: 

>  Amiakn,  1850, 76,  1. 
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Inorganic  types. 

As 


As 


Zn 


Organo-metdlUc  derivatives. 


As 


As 


/  C,H, ) 
I  C^Ha ) 


C2H3\ 

C,H3  ' 


f 


Zn 


Cacodyl 


Gaoodyl  oxide 


Cacodylic  acid 


Zincmethylium 

Oxide  of  Zincmethylium 


Sb 


Sb. 


Sn 


Sb 


Sb 


Sb 


Sn 


Ml^"} 


Stibethiae 


Binoxide  of  Stibethine 


Oxide  of  Stibethylium 


Stanethylium 

Oxide  of  Stanethylium 

Iodide  of  Hydrargjrro- 
methylium 


It  was  in  this  memoir^  that  Frankland  drew  attention  to  tlie 
regularity  subsisting  between  the  number  of  the  different  kinds 
of  atoms  which  are  found  in  combination  with  the  same  element. 
This  was  the  first  announcement  of  the  doctrine  of  valency  or 
atomicity,  as  it  was  then  called,  which  will  be  referred  to  pre- 
sently (p.  50). 

^  PfttZ.  Trans.,  1852, 142,  417. 
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WoSht^m  TiawB  on  Ckmstitatloii.  This  relation  of  the  oigano- 
meldlic  oompoiinds  to  the  oxides  of  the  metals,  which  Frankland  first 
pointed  out,  suggested  to  Kolbe  a  further  modification  of  his  theory 
of  eonjngated  compounds.^  As  cacodylic  acid  HO(C2H3)sAs03'  may 
he  derrred  from  arsenic  acid  SHO^AsOg  by  replacing  two  atoms  of 
ozygsn  by  two  methyl  radicals,  so  carbonic  acid  may  be  regarded  as 
the  mother  substance  of  the  organic  acids  in  which  part  of  the 
oxygen  is  replaced  by  hydrogen  or  radicals : 

2HO.C,04  HO.HC2O3  HO.C2H3.CjO3,       &c. 

Carbonie  acid.  Formic  acid.  Acetic  acid. 

This  was  a  counter-stroke  delivered  by  Kolbe  at  the  artificial  in- 
oiganie  types,  as  he  regarded  them,  of  Gerhardt's  new  theory  which 
had  just  appeared  (see  p.  44).  Carbonic  acid,  the  raw  material  of 
vegetable  synthesis,  was  on  the  contrary  a  natural  type  from  which, 
as  by  the  vital  process,  complex  derivatives  may  be  obtained. 

In  order  to  explain  the  difierence  of  basicity  between  carbonic 
add  and  the  fatty  acids,  the  group  C2O4  in  carbonic  acid  was  split 
into  two  (CsOJyOs,  and  the  basicity  was  made  to  depend  on  the 
number  of  extra-radical  oxygen  atoms.    The  above  formulae  became 

2H0 .  (CjOjXOj        HO .  H(C,0  J,0        HO .  (C8H3KCjOJ,0 

Carbonic  acid  with  its  two  extra  radical  oxygen  atoms  is  dibasic, 
whereas  formic  and  acetic  acids,  with  only  one,  are  monobasic  By 
replacing  the  last  extra^radical  oxygen  by  hydrogen  or  a  radical  the 
neutral  aldehydes  and  ketones  result: 

Formaldehyde  Acetaldehyde.  Acetone. 

(then  unlmown). 

If  in  these  more  oxygen  is  substituted,  the  alcohols  and  finally  the 
hydrocarbons  are  obtained : 

HO .  C,H3,0  HO .  ^«^^  }  C„0  ^^^  }  C, 

Methyl  alcohol.  Ethyl  alcohol.  Ethyl  hydride. 

The  curious  part  played  by  the  molecules  of  water,  which  sometimes 
appear  upon  the  scene  and  again  vanish,  is  due  to  the  insignificant 
rdle  assigned  to  them  by  Berzelius  and  his  schooL 

However  fantastic  Kolbe's  formulae  may  now  appear,  the  system 
was  in  so  far  successful  that  it  enabled  him  to  foretell  the  existence 
of  many  unknown  compounds,  some  of  which,  though  not  all, 
have  since  been  obtained.    Thus,  formaldehyde  was  predicted,  and 

>  Afmaim,  1867,  101,  257  ;  1860,  118,  298 ;  Ostwald's  JOasaOwr,  No.  d2. 
'  In  theae  and  sabaequent  memoirs  Kolbe  discarded  the  barred  atoms. 
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also  the  secondary  and  tertiary  alcohols.  '  For/  says  Kolbe, '  suppose 
that  we  introduce  into  the  alcohols  in  place  of  one  or  two  atoms  of 
hydrogen  the  same  number  of  methyl,  ethyl,  &c,  atoms  in  the  same 
manner  (as  acetone  is  derived  from  aldehyde),  we  shall  obtain  new- 
alcohol  compounds  of  the  following  constitution.* 

Normal  alcohol  HO  {  ^^Hj 

Monomethyl  alcohol      HO 

Dimethyl  alcohol  HO 


Methyl  ethyl  alcohol     HO 


C2H3 
C4H5 


'The  monomethyl  alcohol  will  be  isomeric,  not  identical  with 
propyl  alcohol,  and  dimethyl  alcohol  will  be  isomeric  with  butyl 
alcohol.' 

Two  years  later  the  first  of  these  predictions  was  verified  by  Friedel, 
who  isolated  secondary  propyl  alcohol,  and  the  second  by  Butlerow  in 
1864,  who  prepared  tertiary  butyl  alcohoL  They  agreed  in  nearly 
every  particular  with  the  properties  foretold  by  Kolbe. 

*  These  compounds  will  probably  form,  with  the  hydracids,  halogen 
compounds  like  ethyl  chloride,  also  sulphur  compounds  and  mercap- 
tans,  and  with  sulphuric  acid,  sulphuric  ethers ;  but  those  compounds 
which  are  combined  like  the  dimethyl  alcohols  will  not  be  oxidized 
to  aldehydes  and  acids,  like  the  normal  alcohols,  as  the  two  free 
hydrogen  atoms,  which  in  the  normal  alcohols  are  attacked,  are 
missing.  Nor  can  the  monomethyl  alcohols  which  still  retain  a  free 
hydrogen  atom  be  converted  into  acids,  but  by  the  same  process  of 
oxidation  which  yields  aldehydes  in  the  case  of  normal  alcohols  will 
convert  the  monomethyl  alcohols  into  acetone.' 

We  must  now  pick  up  the  thread  of  the  narrative  where  we  dropped 
it  to  follow  the  fortunes  of  the  radical  theory. 

The  standard  of  volumes  adopted  by  Gerhardt  and  Laurent  for 
determining  molecular  weights  served  its  purpose  admirably  by 
bringing  together  compounds  which  were  related  to  one  another, 
but  gave  no  information  about  their  structure.  The  doctrine  of 
residues  in  its  original  simplicity  could  not  satisfy  the  aspirations 
of  chemists  in  face  of  the  powerful  testimony  which  the  researches  of 
Frankland  and  Kolbe,  Hofmann  and  many  other  chemists,  had 
brought  in  support  of  the  radical  theory. 
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Wmiamtww'g  Baseasehas  on  Sther.  It  was  at  this  critical 
period  in  the  history  of  the  science  that  a  short  and  unpretentious 
memoir  appeared,  which  gave  an  unexpected  turn  to  the  current  of 
efaemieal  thought.  This  was  Williamson's  research  on  etherification, 
which  was  first  read  at  the  meeting  of  the  British  Association  at 
Edinbui^  in  1850.^  It  is  difficult  to  embrace  in  a  sentence  the 
&r-reaching  consequences  which  followed  its  publication.  In  the 
first  place  it  settled  the  vexed  question  of  the  relation  of  alcohol  to 
elher ;  secondly,  it  introduced  a  new  and  important  synthetic  pro- 
ceas ;  it  showed,  further,  how  chemical  methods  might  be  employed 
in  determining  molecular  weights ;  but  aboye  all  it  reconciled  the 
two  contending  schools  of  thought  by  welding  together  the  radical 
theory  with  Dumas'  theory  of  types. 

The  constitution  of  alcohol  and  ether  had,  as  we  have  seen,  received 
various  interpretations.  Berzelius  regarded  them  as  oxides  of 
diffeient  radicals,  liebig  formulated  ether  as  the  oxide  of  ethyl  and 
alcohol  as  its  hydrate,  Oerhardt  in  1844  wrote  their  formulae  C2HeO 
and  G4HioOfrom  the  value  of  their  vapour  densities,  and  Laurent  in 
1846  explained  their  relation  by  comparing  them  to  potassium  hydrate 
and  potassium  oxide,  as  the  hydrate  and  oxide  of  ethyl  (»  Et):* 

EHO  EtHO 

EKO  EtEtO. 

In  1850  Williamson  investigated  the  action  of  ethyl  iodide  upon 
potassium  ethylate  in  the  hope  of  replacing  the  potassium  by  ethyl 
and  so  forming  a  new  ethylated  alcohol. 

The  experiment  gave  entirely  unexpected  results ;  for,  in  place  of 
alcohol,  he  obtained  ordinary  ether.  He  recognized  the  importance 
of  the  result,  explained  by  means  of  it  the  formation  of  ether,  and 
demonstrated  thb  correctness  of  his  conclusions  in  a  series  of  brilliant 
experiments.  Williamson  saw  at  once  the  application  of  Laurent's 
and  Oerhardt's  views,  which  he  was  one  of  the  first  to  adopt, 
formulating  the  reaction  thus : 

^*^0  +  C2H5I  -  IK  +  Q^^^O. 

Kolbe  strongly  opposed  this  view  and  represented  the  reaction  as 

follows: 

C4H5OKO  +  C4H5I  «  2  (C4H5O)  +  KI ; 

in  which,  using  the  equivalent  notation,  potassium  alcoholate  appears 
as  a  compound  of  potash  and  ether.     Substituting  methyl  iodide  for 

1  Quart,  J.  Chem,  Soc,  1862,  4,  229 ;  Alembic  Club  Rqmnts,  No.  16. 
'  Chemical  Methodj  p.  75. 
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ethyl  iodide,  methyl  ether  and  ethyl  ether  should  be  formed,  sup* 
posing  the  latter  view  to  be  correct,  whilst,  according  to  Williamson's 
theory,  methyl  ethyl  ether  should  be  formed.  It  was  the  second  re- 
action which  occurred. 

The  experiments  clearly  demonstrated  that  ether  is  derived  from 
alcohol  by  replacing  one  atom  of  hydrogen  by  ethyl,  and  conse- 
quently that  it  possesses  a  larger  molecule. 

It  now  remained  to  explain  the  formation  of  ether  from  alcohol 
and  sulphuric  acid. 

The  formation  of  ether  by  heating  a  mixture  of  alcohol  and  sul- 
phuric acid  is  so  simple  an  operation  that  it  seems  not  a  little 
remarkable  that  more  than  two  centuries  elapsed  before  the  obscurity 
which  enveloped  this  reaction  was  finally  removed.  As  the  study  of 
this  subject  and  the  discussions  which  rival  theories  called  forth 
engaged  chemists  from  the  very  inception  of  organic  chemistry,  it 
will  not  be  entirely  out  of  place  to  trace  the  phases  of  its  development. 
The  first  method  for  preparing  ether  is  ascribed  to  Valerius  Cordus 
in  1540,  who  called  it  oleum  vitrkti  duke,  the  name  being  changed  to 
ether  by  Frobenius  in  1780.  The  compound  was  formed  by  heating 
a  mixture  of  alcohol  and  strong  sulphuric  acid.  Fourcroy  and 
Vauquelin  explained  the  reaction  by  supposing  that  alcohol  loses  a 
molecule  of  water.  This  agreed  with  the  etherin  theory  and  with 
liebig^s  later  view.  The  explanation  was,  however,  open  to  criticism. 
Other  dehydrating  agents,  like  potash  and  bar3rta,  effected  no  change 
of  this  kind,  and  when  it  was  afterwards  pointed  out  that  water 
distQled  with  the  ether,  it  was  difficult  to  conceive  how  sulphuric 
acid  could  act  by  reason  of  its  affinity  for  water  if  it  parted  with  it 
in  the  process.  Dabit  discovered  that  the  first  action  of  the  sulphuric 
add  on  alcohol  at  the  ordinary  temperature  was  the  formation  of 
a  new  acid,  which  was  not  precipitated  by  barium  salts.  It  was 
termed  sulphovinic  acid  by  SertQmer,  who  studied  it  more  carefully. 
Then  followed  the  discovery  that  the  contents  of  the  vessel  after 
distilling  off  the  ether  could  be  used  for  the  preparation  of  treeh. 
quantities  of  the  latter  by  adding  alcohol,  an  observation  upon  which 
BouUay,  the  father  of  Dumas'  colleague,  founded  the  present  con- 
tinuous procesa  The  first  clear  experimental  evidence  as  to  the 
nature  of  this  curious  and  complex  reaction  is  due  to  Hennel,  an 
English  apothecary.  He  proved  that  the  formation  of  sulphovinic 
acid  is  essential  to  the  process.  In  the  first  place  he  found  by  dis- 
tilling equal  quantities  of  sulphuric  add  and  alcohol  that,  as  the 
ether  distils,  the  quantity  of  free  sulphuric  acid  increases,  whilst  that 
of  the  sulphovinic  acid  decreases.     If^  on  the  other  hand,  the  mixture 
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is  first  diluted  with  water,  nothing  but  alcohol  passes  over,  and 
solphmic  acid  remains  in  the  distilling  vesseL  He  further  showed 
that  on  heating  sulphovinic  add,  as  free  as  possible  from  alcohol  or 
water,  a  certain  quantity  of  ether  distils.^  Berzelius,'  in  his  Jahres- 
benekt  for  1829,  attributes  to  Hennel  the  view  that  ether  is  formed 
by  the  action  of  alcohol  on  sulphovinic  acid,  and  since  the  latter,  as 
Hennel  first  showed,  is  a  compound  of  olefiant  gas  ^vith  sulphuric 
acid,  ether  must  be  a  compound  of  olefiant  gas  with  alcohol,  a  con- 
clusion which  bears  a  striking  resemblance  to  the  modem  view ;  but 
there  is  nothing  in  Hennel's  original  paper  which  we  can  find  in 
support  of  this  statement. 

Hennel  rather  suggests  that,  on  heating  sulphovinic  acid,  olefiant 
gas  is  separated  in  a  condition  which  enables  it  to  unite  with  one 
proportion  of  water  to  form  ether  and,  when  diluted,  with  a  larger 
proportion  of  water  to  form  alcohol.  He  subsequently  expanded  his 
theory  as  follows:  When  sulphuric  acid  and  alcohol  are  mixed 
sulphovinic  acid  and  water  are  formed,  the  latter  diluting  a  portion 
of  the  free  sulphuric  acid  present.  On  heating  the  sulphovinic  acid, 
it  is  the  water  of  this  dilute  acid  which  attracts  the  sulphuric  acid 
of  the  sulphovinic  acid,  and  enables  it  to  split  up  into  ether  and 
sulphuric  acid.  It  should  be  remembered  that  the  composition  of 
sulphovinic  acid,  as  determined  by  SeruUas  (1829),  and  later  by 
Liebig  and  W5hler  (1883),  was  represented  as  an  acid  sulphate  of 

ether,  and  written 

C^HioO .  SO3  +  Ufi .  SO3. 

Liebig,  as  the  result  of  a  series  of  careful  experiments,  showed  that 
sulphovinic  add  does  not  change  below  a  temperature  of  124°,  but 
above  that  temperature  it  decomposes  into  ether,  sulphuric  acid,  and 
sulphuric  anhydride.  He  attempted  to  reconcile  these  facts  with 
Hennel's  views  in  the  following  manner:  the  alcohol  on  falling 
into  the  hot  sulphuric  add  lowers  the  temperature  below  124°  at  the 
sutfiioe  of  contact,  forming  sulphovinic  acid  and  water,  which  dilutes 
the  sulphuric  add  around  it.  The  sulphovinic  acid  then  diffuses  into 
the  hotter  liquid  where  it  decomposes  into  ether,  which  distils,  and 
sulphuric  anhydride  which  combines  at  once  with  the  water  of  the 
dQute  add,  regenerating  concentrated  acid,  and  is  thus  capable  of 
uniting  with  fresh  alcohol.  The  dmultaneous  distillation  of  water 
was  accounted  for  by  supposing  that  the  ether  vapour  carries  with  it 
water  vapour  much  in  the  same  way  that  a  high  boiling  volatile 
liquid  may  be  distilled  in  steam.  Hitscherlich,  however,  found  that 
by  p«t^'"g  alcohol  vapour  into  the  mixture,  so  that  no  lowering  of 

»  PAfl.  TraiVL,  1826,  2,  240.  *  Jahreab,,  1829,  0,  2*J4 
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temperature  occurred,  the  formation  of  ether  was  not  interrupted, 
and  both  he  and  Berzelius,  and  afterwards  Oraham,  explained  the 
peculiar  effect  of  the  sulphuric  acid  as  a  catalytic  or  contact  pheno- 
menon, by  which  they  understood  such  a  reaction  as  occurred  in  the 
presence  of  a  substance  which  itself  underwent  no  change,  and  for 
which  no  satisfistctory  explanation  was  forthcoming.^ 

The  composition  of  ether  being  now  clearly  established,  William- 
son turned  the  fact  to  account  in  order  to  explain  the  production  of 
ether  from  alcohol  and  sulphuric  acid. 

The  explanation  is  the  one  we  still  adopt.  The  process  occurs 
in  two  stages.  Sulphoyinic  acid  and  water  are  first  produced, 
and  the  sulphoyinic  acid  reacting  with  a  fresh  quantity  of  alcohol 
forms  ether  and  regenerates  sulphuric  acid.  Ether  and  water  distil 
whilst  the  sulphuric  add  is  free  to  react  with  fresh  alcohol,  and 
repeat  the  same  cycle  of  changes.  Wflliamson  confirmed  these  yiews 
by  showing  that  mixed  ethers  could  be  readily  obtained  by  the  use 
of  two  different  alcohols,  and  prepared  in  this  way  a  series  of  com- 
pounds containing  from  three  to  seven  carbon  atoms. 

In  reviewing  his  results  he  points  out  that  compounds  like 
alcohol,  ether,  acetic  acid,  and  its  hypothetical  anhydride  may  be 
regarded  as  water  in  which  one  or  two  hydrogen  atoms  ate  replaced 
by  the  radicals  ethyl  and  otJ9pl  (oxygen  ethyl): 

H^'  C^H,^'  H^'  (CaHaO)^- 

Alcohol.  Ether.  Acetic  acid.  Acetic  anhydride. 

This  memorable  paper,  which  proved  so  fruitful  in  results  and 
provided  such  a  powerful  stimulus  to  future  research,  condudee 
with  the  following  words :  '  The  method  here  employed,  of  stating 
the  rational  constitution  of  bodies  by  comparison  with  water, 
seems  to  me  to  be  susceptible  of  great  extension,  and  I  have  no 
hesitation  in  saying  that  its  introduction  will  be  of  service  in 
simplifying  our  ideas,  by  establishing  a  uniform  standard  of 
comparison  by  which  bodies  may  be  judged  of.'* 

Gerhardt's  discovery  of  the  acid  anhydrides,  in  the  same  year,  by 
heating  the  acid  chlorides  with  their  sodium  salts,  amply  justified 
Williamson's  condusions. 

Oerlimirdfs  Vew  Theory  of  Types.  In  the  following  year,  1853, 
€}erhardt'  published  his  new  theory  of  types,  already  foreshadowed 
in  a  memoir  by  Chancel  and  himself  on  The  QmstittUion  qf  Orgamc 

>  JahreslKj  1835, 15,  243.  >  Quart  J.  Okem.  Soc.,  1852,  4,  289. 

3  Ann,  Chim,  Phy8.y  1858;  37,  882. 
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wfaiek  appeared  In  the  Bevue  Snentifigue  for  1851.  It 
was  a  diieei  oateome  of  Williamnon's  memoir  on  ether,  though 
■oaeimawledged  at  the  time  of  its  publication.* 

To  uiwlwirfand  this  de^elc^ment  we  must  recall  a  few  fiicts.  In 
1849  WoitK  had  obtained,  by  the  action  of  potash  on  cyanic  and 
ethers,  bases  closely  allied  in  smell  and  basic  characters  to 
whidi  he  compared  to  ammonia  wherein  an  atom  of 
hjiJiugMi  was  retplaced  by  the  radicals  methyl,  ethyl,  and  amyL' 
Alttttngli  the  exiatenee  of  such  compounds  had  been  foretold  ten 
yeses  eariier  by  Lid>ig,  it  was  the  first  successful  attempt  to 
inftrodnee  radicals  into  ammonia.  This  interesting  fact  is  recalled 
by  liphig  himaalf  in  a  note  to  Wurtz's  paper  in  the  AnncHen.* 

'If  €fDB  considers  the  combination  NH,  or  amide  as  a  compound 
fsdifaJ,  which  possesses  the  properties  of  radicals  as  opposed  to  those 
of  acid  radicsls,  it  is  dear  that  ammonia  is  the  hydrogen  compound 
of  a  basie  radical,  which  is  similar  in  composition  to  hydrocyanic 
acid,  bat  is  the  reyerae  in  properties.  Hydrogen  cyanide  is  an  acid, 
hydrogen  amide  has  alkaline  properties^  a  difference  due  to  the 
diaiBcteiB  <^  the  radicals  which  they  contain.  •  .  .  Now  we  know 
that  amide  is  capable  of  replacing  equiyalent  for  equivalent  the 
oxygmt  oi  many  organic  acids,  and  we  find  that  the  new  com- 
poonds  thus  produced  have  altogether  lost  the  nature  of  acids, 
being  indifferent  in  their  chemical  character.  ...  If  in  the 
oxides  of  methyl  and  ethyl,  the  oxides  of  two  basic  radicals^  we 
were  able  to  substitute  one  equivalent  of  amide  for  oxygen, 
tibere  cannot  be  the  sli^test  doubt  that  we  should  obtain  compounds 
pstleetlj  similar  in  their  behaviour  to  ammonia.  Expressed  in 
a  formula  a  compound  C^^^  +  NH^^  =  E  +  Ad    must    have  basic 


Tlie  character  which  Wurtz  attached  to  these  compounds  was 
aooo  afterwards  confirmed  by  Hofinann,  who  obtained  what  are 
known  as  the  primary,  secondary,  and  tertiaiy  bases  by  the  action  of 
the  iodides  of  the  alcohol  radicals  on  aniline  and  ammonia.* 

The  organic  phosphorus  compounds  which  Paul  Thenard  had 
discovered  in  1845  now  received  an  analogous  interpretation.  In 
addition  to  these  new  classes  of  compounds,  the  acid  chlorides  had 
been  pr^iared  by  Cahours^  in  1845,  and  the  anilides  and  other 
amideB  by  Gerhardt  and  Chiozza  ^  in  1853. 

1  rmde€ferkardi^  p.  412. 

s  CbmfL  rvMl..  1848,  20,  368;  27,241;  1849,  28,  223,  323 ;  29,169,186,208; 
Awmmim,  1&49,  71,  326. 

*  AmmaSen^  1849,  71,  347.  «  Annalen,  1850,  73,  91 ;  1851,  70, 16. 

•  Cm^  nmd,^  1845,  21,  145 ;  1847,  25,  892.  «  Coir.pt.  rend.,  1853,  37,  86. 
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All  these  gronpe  of  compounds  were  now  referred  by  Gbrhardt  to 
four  types.  In  expounding  his  theory  he  eajs :  ^  I  do  not  attach  to 
these  so-caDed  rational  formulae,  which  give  the  molecular  oonstita- 
tion  of  chemical  compounds,  any  exaggerated  value,  because  they  are 
in  &ct  only  the  expression  of  a  partial  truth,  which  in  a  more  or  leas 
complete  fashion  includes  a  certain  number  of  chemical  changes. 
Such  formulae,  however,  appear  to  me  to  have  their  use,  for  they 
may  exert  a  happy  influence  on  the  development  of  the  science,  if 
they  are  viewed  from  the  same  standpoint  and  accord  well  t(>gether/ 

The  four  types  which  he  proposes  are  water,  HjO,  hydrogen,  Hs* 
hydrochloric  acid,  HCl,  and  ammonia,  NH3.  Each  vertical  seriea  is 
derived  from  the  type  by  replacing  the  hydrogen  by  radicals : 


1} 

Type. 
C2H5 

H 


H) 

CI/ 

Type. 


1}° 


Type. 


} 


C2H5 

ci 


} 


H 


}« 


Ethyl  hydride. 

C2HJ 


Ethyl  chloride. 


C2H3O 

CI 


} 


Ethyl  alcohol. 


C2H5 
C2H5 


Diethyl.        Acetyl  chloride. 


Ethyl  ether. 


C2H3O 

H 


} 


C7H5O 

Cl 


} 


C..H30 

H 


}° 


Aldehyde.         Benzoyl  chloride.         Acetic  acid. 


CJHsO 
"CHj 


} 


CN) 
Cl/ 


C2H3O )  fi 


C..H3O  1 
H 
H 


•  N 


Acetone.        Cyanogen  chloride.     Acetic  anhydride.     Aoetamidew 

They  were  in  a  sense  mechanical  rather  than  chemical  types^  for 
the  members  of  one  type  were  connected  together  more  in  outward 
form  than  in  properties ;  but  the  typical  formulae  served  admirably 
to  express  double  decompositions,  to  indicate  the  relation  which  the 
function  of  an  element  bears  to  its  position  in  the  type,  and  finally,  to 
explain  cases  of  isomerism. 

Inoiganic  compounds  were  also  constructed   on  the  system  of 

types,  nitric  acid  being  represented  by  Williamson  as      h  1  ^'  ^ 
which  Gerhardt  added  Deville's  nitric  anhydride  ^q-  \  O. 


I 

« 

f 


J 

f 
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In  d0Y«Ioi»iig  his  views  on  the  eonslitotion 
if  flie  ethers.  WiTKemeon  had  abeedy  introdnoed  the  idee  of  the 
amiaaei  water  tfpe.  He  pointed  oat  that  it  may  he  ea^iilly 
oBplqjvd  in  temnlating  the  action  of  potash  on  the  organic  eCheis.' 

la  this  eqastiMi  the  two  atoms  of  hydrogen  in  the  doable  moleeale 
«f  potaak  axe  rephtfed  by  the  gnup  00.  Williamscm  recognized  in 
tUa  the  cxistenee  of  idiat  we  now  term  a  maltiralent  radical,  which 
vaa  tihoi  called  by  analogy  with  the  polybasie  acidSy  a  po^fbasie 
fsficnL  The  groop  00  was  therefore  dibasic,  or,  according  to 
Qahardt^  diatomir  The  groop  80^  was  regarded  in  the  same  lights 
the  fcnnalafor  sulphnric  acid  being  deriTed  from  a  condensed  water 
tvpe  of  two  nudeeoles  and  written 

SO. 


^}0r 


Odiing  ertended  ibe  idea  to  other  inorganic  and  organic  aeida^^ 
and  to  flie  metals  themselTee : 

i}o  <^-S}o  "^ilo 


A«etie  add.  Xitric 


^}o.       '^]o.  ^:}o. 

Type.                            Oxalic  add.  Salphmie  add. 

H,("»                        H,("»  Hj"» 

Citric  acid.  Phosphoric  add. 


on  CHjcoL  In  1854  Williamson  and  Kay 
''Hained  orthoformic  ether  by  the  action  of  sodiam  ethylaie  on 
ddoroibrm:' 

Hub  was  the  first  example  of  a  tribasic  hydrocarbon  radicaL 
Abont  the  same  time  Berthelot  was  engaged  in  the  investigaiion  of 
Sljemne,  and  foond  that  it  onites  in  three  distinct  proportions  with 
addi^  forming  acetina^  stearins^  and  chlorhydrins,  &c.    He  condaded 

>  The  ChemkaH  QauUtj  1851,  9,  8S4;  Akmbic  Oub  RtprwU,  No.  16,  46. 
*  Qtmrt  J.  CktML  Soc,  7. 1. 

>  IVw.  iZoy.  Soc,  1854. 7, 135. 
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that  glycerine  bore  the  same  relation  to  phosphoric  acid  that  alcohol 
does  to  nitric  acid : 

CjHg  1  r.  NO, 

H 


-"3 

Wurtz  quickly  perceived  that  a  compound  intermediate  between 
alcohol  and  glycerine  should  exists  derived  from  a  double  water  type, 
and  containing  a  dibasic  radical  Before  long  he  had  supplied  the 
necessary  link  by  the  discovery  of  glycol :  ^ 

C2H4 )  /% 

He  prepared  the  compound  from  ethylene  iodide  and  silver  acetate, 
which,  on  heating  together,  yield  ethylene  acetate  and  silver  iodide. 
Using  the  typical  formulae,  the  equation  appears  thus : 

C,HA  +  2C.H^}0=(c^^5;l0,  +  2AgI 
Ethylene  acetate  on  hydrolysis  with  potash  forms  glycol : 
(C.H36^  }  0.  +  2KH0  =C.g*  }  0,  +  2C»H30  }  o 

lEixad  Types.  The  use  of  condensed  types  was  shortly  followed 
by  the  introduction  of  Kekul^'s  mixed  types^^  which  he  set  forth  in 
a  paper  On  the  so-called  Conjugated  Compounds  and  the  Theory  of  Poty- 
atomic  Radicals.  Kekule's  object  was  to  explain  the  constitution  of 
Oerhardt's  new  conjugated  radicals,  that  is,  the  old  conjugated  com- 
pounds which,  in  their  new  typical  garb,  played  the  part  of  substituted 
radicals.  Benzenesulphonic  acid,  sulphobenzoic  add,  and  sulphovinic 
acid  were  written 

CeH^CSO^) )  Q        C^H^CSO,)©  )  ^         C,H,(SO,)0  )  q 
Hj  H2/    ^  Hj 

Benzenesulphonio  acid.    Sulphobenzoic  acid.        Sulphovinic  acid. 


Benzenesulphonic  acid  may  be  represented,  according  to  Kekul^,' 
as  derived  from  the  two  types  of  hydrogen  and  water, 

H  CeHs ) 


H 


»  Ann.  Chim.  JPhys.,  1869  (3),  66,  400. 

«  Anndim,  1867, 104,  129. 

>  Following  a  suggestion  of  Williamson,  the  symbols  for  oxygen,  carbon, 
sulphur  were  barred  in  Kekul^'s  formulae  to  indicate  that  the  combining  weights 
were  double  those  of  the  equivalent  notation. 
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Qzunie  acid  majy  in  the  same  way,  be  referred  to  a  mixed  water  and 
^       ammonia  type : 


} 


{ 


H 

»  H 

^  h} 


■  N« 


Tahwlfg  Thaory  of  Atomieity.  Eekul6  at  once  saw,  as  Wil 
son  had  previondy  done  (p.  47),  that  such  a  fusion  of  types  to  a 
condensed  or  mixed  type  can  only  occur  where  a  polybasic  or 
polyatomic  Tadical  is  present  in  the  place  of  two  or  three  atoms  of 
hydrogen.  Using  the  dashes  of  Odling  to  indicate  atomicity  and 
the  donble  atoms,  which  Williamson  had  reviyed  to  distinguish 
Geihardfs  atomic  weights  (C»  12,  O  » 16)  from  Omelin's  equivdents 
(Cad,  O'sS),  Kekuld  defines  the  radicals  as  follows: 

'A  monatomic  radical  can,  therefore,  never  hold  together  two 
molecnles  of  the  types.' 

'A  dtatomic  radical  can  unite  two  molecules  of  the  types,'  e.  g. 

H  /^ 

//  e  ^'^ 

Thionyl  ehloride.       Solphnrie  add.  Urea. 

or,  can  replace  two  hydrogen  atoms  of  the  type,  e.  g. 

se„e  H } ^ 

Solphoric  anhydride.  Cyanic  acid. 

'A  friaUnmc  radical  can  nnite  in  the  same  way  three  molecules  of 
the  types,'  e.  g. 

'"  /^/  /// 

Fboeplioric  acid.  Glycerine.  Triohlorhydrin. 

or  it  can  also  replace  three  atoms  of  hydrogen  in  two  molecules  of 
water,  e.g. 

Metaphosphoric  acid. 

Perhaps  the  most  important  part  of  this  remarkable  and  suggestive 
memoir  is  the  reference  to  the  basicity,  i«  e.  valency  of  the  individual 
elementB. 

E 
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Growth  of  the  Tkeovj  of  Valency.  As  the  whole  foundation  of 
modem  structural  chemistiy  may  be  said  to  rest  upon  the  theory 
of  valency,  it  is  necessary  to  trace  carefully  the  line  of  thought  which 
culminated  in  its  development. 

It  is  just  possible  that  had  no  previous  literature  existed  on  the 
subject,  this  property  of  the  elements  would  have  disclosed  itself  to 
Kekul^'s  penetrating  inteUect  It  is  none  the  less  true  that  the 
merit  of  having  been  the  first  to  offer  a  clear  exposition  of  the  subject 
belongs  to  Frankland. 

In  studying  the  organo-metallic  compounds,  to  which  reference 
has  been  made  (p.  87),  Frankland  was  struck  with  the  fact  that  there 
appears  to  be  a  definite  saturation  capacity  for  the  metals,  and  that  the 
number  of  radicals  present  affects  the  number  of  inorganic  elements 
which  attach  themselves  to  the  metal  in  a  symmetrical  fashion.  It 
was  this  fitct  which  led  him  to  oppose  Eolbe's  view  that  the  radicals 
are  conjugated  with  the  metal.  At  the  close  of  this  paper*  Frank- 
land  expressed  himself  as  follows :  '  When  the  formulae  of  inorganic 
chemical  compounds  are  considered,  even  a  superficial  observer  is 
struck  with  the  general  symmetry  of  their  construction ;  the  com- 
pounds of  nitrogen,  phosphorus,  antimony,  and  arsenic  especially 
exhibit  the  tendency  of  these  elements  to  form  compounds  con- 
taining three  or  five  equivalents  of  other  elements,  and  it  is  in  these 
proportions  that  their  a£&nities  are  best  satisfied ;  thus  in  the  temal 
group  we  have  NO3,  NH3,  NI3,  NS3,  PO3,  PH3,  PCI3,  SbOg,  SbHs, 
SbCls,  ASO3,  ASH3,  ASCI3,  &c. ;  and  in  the  five-atom  group  NO5, 
NH4O,  NH4I,  PO5,  PH4I,  &c.  Without  offering  any  hypothesis 
regarding  the  cause  of  this  symmetrical  grouping  of  atoms,  it 
is  sufficiently  evident,  from  the  examples  just  given,  that  such 
a  tendency  or  law  prevails,  and  that  no  matter  what  the  character  of 
the  uniting  atoms  may  &e,  the  combining  power  of  the  attracting  dement^ 
if  I  may  he  dUowed  the  term^  is  dhoays  satisfed  by  the  same  number 
of  these  atoms.' 

Two  years  later,  in  his  first  publication  of  theoretical  importance, 
Nate  on  a  New  Series  of  Organic  Acids  containing  Sulphur,^  Kekul6 
refers  to  the  basicity  of  the  elements.  Various  organic  compounds 
of  the  water  type  such  as  alcohol,  ether,  acetic  acid,  and  acetic 
anhydride  were  heated  with  the  sulphides  of  phosphorus  and  the 
typical  oxygen  replaced  by  sulphur.  He  shows  that  the  new  typical 
formulae  of  Gerhardt  are  well  adapted  for  expressing  these  changes. 
If,  according  to  the  equivalent  notation,  phosphorus  chloride  breaks 

'  FkiU  TVofw.,  1852,  417.  *  Atmaim^  1854,  90,  809. 
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up  aleohol  into  C^^nCi-^'HClf  why  should  not  phoBphorus  sulphide 
produee  two  compounds  C4H5S  +  HS  instead  of  their  remaining 
united  as  mercaptan?    With  Gerhaidfs  notation  the  change  is 

manifafli,    ^^  >  O  becomes   ^  ^  f  S,  but  with  phosphorus  chloride 

C  H  CI 
the  alcohol  divides  up  thus,     '    ^^ .    He  writes :  '  It  is  not  merely 

a  difference  of  notation,  but  it  is  an  actual  fact  that  one  atom  of 
water  contains  two  atoms  of  hydrogen  and  only  one  atom  of  oxygen ; 
and  that  for  one  indivisible  atom  of  oxygen  the  equivalent  of  chlorine 
is  divisible  by  two ;  whereas  sulphur,  like  oxygen,  is  dibasic,  one  atom 
being  equivalent  to  two  of  chlorine.' 

In  the  memoir  already  referred  to  (p.  48),  On  the  ea^edOed  Conju- 
gated  Compounds  and  the  Theory  of  Polyatomic  Badicals^^  Eekul^'s 
views  on  atomicity  take  a  clearer  and  more  definite  shape.  He  says : 
'The  molecules  of  chemical  compounds  are  formed  by  the  union  of 
atoma  The  number  of  atoms  of  other  elements  which  are  attached 
to  one  atom  of  an  element,  or  (if  in  the  case  of  compound  bodies  one 
prefers  not  to  extend  the  idea  to  elements)  of  a  radical,  is  dependent 
on  the  basicity  or  affinity  of  the  constituents.' 

'  The  elements  &11  into  three  main  groups : 

'(1)  Monobasic  or  monatomic,  e.g.  H,  CI,  Br,  K;  (2)  dibasic  or 
diatomic,  e.  g.  O,  S ;  (8)  tribasic  or  triatomic,  e.  g.  N,  P,  As.  Prom 
these  are  derived  the  chief  types,  HH,  OH2,  NH3,  and  the  secondary 
types,  HCl)  SHj,  PH3.'  In  a  footnote  on  p.  188  he  adds  that  carbon 
is  tetrabasic  or  tetratomic 

After  this  defence  of  Gterhardt's  formulae  and  clear  exposition 
of  atomic  structure,  it  is  curious  to  find  Eekul4  reverting  to  the 
equivalent  notation  in  his  very  next  memoir  on  the  constitution 
of  fulminating  mercury ;  but  such  is  the  despotic  power  of  long 
eetabliflhed  custom* 

In  discussing  the  constitution  of  fulminating  mercury,  Kekuld' 
pointed  out  its  analogy  with  a  series  of  compounds  which  might  be 
considered  as  belonging  to  the  same  type  as  marsh  gas,  using  the 
word  in  Dumas'  sense  of  one  compound  being  related  to  another  by 
substitution.  He  succeeded,  in  fact^  in  liberating  the  cyanogen  as 
cyanogen  chloride  by  chlorination,  and  converting  fulminating  mer- 
cury into  chloropicrin. 

Methyl  chloride,  chloroform,  chloropicrin,  and  acetonitrile  were 

1  Annalen,  1857, 104,  183.  *  ^tmofen,  1857, 101,  200. 
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grouped  mth  marsh  gaa,  and  written  in  the  equivalent  notation 
thus: 


c. 

H 

H 

H 

H     Harsh  gas 

Ca 

H 

H 

H 

CI     Methyl  chloride 

c. 

H 

Gl 

01 

CI     Chlorofonn 

c. 

(NO,) 

CI 

01 

CI     Chloropicrin 

0, 

H 

H 

H 

(C2N)  Aoetonitrile 

c. 

(NO4) 

Hg 

Hg 

(C2N)   Fulminating  mercury 

Thus  Kekul^  introduced  a  new  type,  that  of  marsh  gas,  and  with  its 
introduction  the  fixity  of  Gbrhardt's  t3rpes  was  dissolved ;  for  it  now 
became  evident  that  the  grouping  of  the  elements  depended,  not  on 
the  nature  of  the  type,  but  upon  that  of  the  elements  themselves. 
As  typical  formulae  were  not  intended  to  represent  the  position  of 
the  atoms,  it  became  a  matter  of  choice  to  which  type  a  compound 
belonged.  Thus,  methyl  ether  may  be  equally  well  derived  from 
the  water  or  the  marsh  gas  type : 


H 
H 


}° 


CH3 
0H3 


}° 


or 


H 
H 
H 

O 

H 
H 
H 


0 


f 


Methylamine  in  the  same  way  may  be  referred  to  ammonia,  marsh 
gas,  or  hydrogen : 


H 
H 
H 


N 


CH3 
H 
H 


•N 


NH»^ 
H 
H 
H 


0 


2} 


CHs 
NHj 


} 


QfOMdrbnlmkio^  of  Carbon.  Early  in  1858  Eekuld's  celebrated 
paper  appeared  in  Liebig's  Aimalen  on  The  ConstUution  amd  Meta- 
morpJioses  of  ChemkdL  Compounds^  and  on  the  Chemical  Nahn^e  cf 
Carbon^  in  which  are  embodied  his  views  on  the  valency  of  carbon 
and  the  linking  of  carbon  atoms.^  Shortly  afterwards  an  equally 
remarkable  memoir  on  the  same  subject  by  A.  S.  Couper'  was 
published  independently  in  the  Annales  under  the  title  of  A  new 
Chemical  Theory. 

Kaknl^'s  Thaorj.    Eekul6  has  told,  in  a  veiy  graphic  way,  how 
these  new  ideas  arose.    It  was  during  his  stay  in  London. 

*  One  fine  summer  evening  I  was  returning  by  the  last  omnibus 

^  AnnaUn,  1868, 106,  129 ;  Ostwald's  KlassSkm;  No.  145. 
'  Ann.  CMm.  Phys.,  1868  (8),  68,  469. 
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''outside"  as  usual,  through  the  deserted  streets  6f  the  metropolis, 
which  are  at  other  times  so  full  of  life.  I  fell  into  a  reverie,  and  lo  I 
the  atoms  were  gambolling  before  my  eyes !  Whenever,  hitherto^ 
these  diminutive  beings  had  appeared  to  me  they  had  always  been  in 
motion ;  but  up  to  that  time  I  had  never  been  able  to  discern  the 
nature  of  their  motion.  Now,  however,  I  saw  how,  frequently,  two 
smaller  atoms  united  to  form  a  pair  ;  how  a  larger  one  embraced  two 
smaller  ones ;  how  still  larger  ones  kept  hold  of  three  or  even  four 
of  the  smaller ;  whilst  the  whole  kept  whirling  in  a  giddy  dance. 
I  saw  how  the  larger  ones  formed  a  chain,  dragging  the  smaller  ones 
after  them,  but  only  at  the  ends  of  the  chain.  . . .  This  was  the 
origin  of  the  Structuaikeorie*^ 

'If  we  consider,'  writes  Eekul^  in  his  memoir,  Hhe  simplest 
compounds  of  carbon,  CH4,  CH3CI,  CXJl^,  CHCI3,  COCI2,  COj,  CSg, 
CHN,  it  is  very  striking  that  the  amount  of  carbon  which  chemists 
rBcognize  as  the  atom,  that  is,  the  smallest  part,  always  unites  with 
four  atoms  of  a  monatomic  or  two  of  a  diatomic  element,  that  gene- 
rally the  sum  of  the  chemical  units  which  are  bound  to  an  atom  of 
carbon  is  equal  to  four.     This  leads  to  the  view  that  carbon  is  tetr* 

atomic' 

•  ••••••• 

^For  substances  which  contain  several  atoms  of  carbon,  one  must 
suppose  that  a  portion  of  the  atoms  at  least  is  held  by  the  attraction 
of  the  carbon,  and  that  the  carbon  atoms  themselves  are  united  to 
one  another,  whereby  naturally  a  part  of  the  attraction  of  the  one  is 
neutralized  by  an  equal  attraction  on  the  part  of  the  other.' 

'The  simplest  and  consequently  most  probable  case  of  such  a 
union  of  two  carbon  atoms  is  that  one  unit  of  affinity  of  one  carbon 
atom  is  bound  to  one  of  the  other.  Of  these  2x4  units  of  afSnity 
of  the  two  carbon  atoms,  two  will  be  used  to  unite  the  two  carbon 
atoms,  and  six  will  remain  over  to  attach  the  other  elements.  In 
other  words  the  group  C2  is  hezatomic.  .  . .' 

'If  more  than  two  carbon  atoms  unite  in  the  same  way,  the 
basicity  of  the  carbon  group  will  be  increased  by  two  units  for  each 
additional  carbon  atom.  Thus  the  number  of  hydrogen  atoms  which 
may  be  combined  with  n  carbon  atoms  is  expressed  by 

f»(4-2)  +  2-»2n  +  2. 
'  —  Up  to  this  point  we  have  assumed  that  all  the  atoms  attaching 
themselves  to  carbon  are  held  by  the  affinity  of  the  carbon.     It  is 
equally  conceivable,  however,  that  in  the  case  of  polyatomic  elements 
(0,  N,  &C.)  only  a  part  of  the  affinity— for  example,  only  one  of  the 

1  The  K$kule  Memorial  Lecture,  by  F.  R.  Japp,  Trans.  Ckem.  Soc.,  1898,  73,  97. 
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two  units  of  affinity  of  the  oxygen,  or  only  one  of  the  three  units  of 
the  nitrogen — ^is  attached  to  carbon ;  so  that  one  of  the  two  units  of 
affinity  of  the  oxygen  and  two  of  the  three  units  of  affinity  of  the 
nitrogen  renuiin  oyer  and  may  be  united  with  other  elements. 
These  other  elements  are  therefore  only  in  indirect  union  with  the 
carbon,  a  fact  which  is  indicated  by  the  typical  mode  of  writing  the 
formulae.' 

Kekul6  does  not  recognize  only  this  one  kind  of  attachment  of  the 
carbons*  He  points  out  that  another  kind  of  combination  may  occur 
involying  a  closer  union  of  the  carbon  atoms,  an  idea  which  was 
expanded  seyen  years  later  (1866)  in  his  theory  of  the  benzene  ring. 

Coap«r'0  TkeoKj.  Couper  arriyed  at  similar  conclusions  from 
a  different  starting-point.  His  paper,  which  is  characterized  by 
remarkable  perspicuity  and  breadth  of  yiew,  has  perhaps  scarcely 
receiyed  the  full  recognition  which  it  merits.  Couper  begins  by 
rejecting  the  type  theory  of  Gerhardt  as  artificial  and  unphilosophioal, 
and  Ibjb  stress  on  the  fact  that  the  properties  of  compounds  must  in 
the  end  depend  on  the  nature  of  their  atoms.  Gerhardt's  system  is 
like  referring  a  language  to  certain  types  of  words,  from  which  all 
others  are  formed,  instead  of  to  the  indiyidual  letters.  The  atoms, 
he  considers,  are  held  together  by  yirtue  of  two  properties,  elective 
qffmUjf  or  chemical  affinity  and  degree  ofqffimt^,  which  corresponds 
exactly  to  our  word  yalency. 

In  regard  to  carbon  (1)  it  unites  with  an  eyen  number  of  hydrogen 
atoms,  and  (2)  it  unites  with  itself.  The  maximum  number  of  atoms 
with  which  it  can  combine  is  four.  The  following  are  some  of  the 
formulae  proposed  by  Couper  which,  apart  from  the  presence  of  the 
double  atom  of  oxygen,  bear  a  complete  resemblance  to  those  in 
modern  use  (C  »  12 ;  O  «  8) : 

o(r=     fir"    ?{ki}] 

CH,  C!H,  CHj  H,C 

Ethyl  aloohol.  Acetic  aoid.  Ethyl  ether. 


fO- 


—OH 


?{o-OH 
»— OH 

(,  ro— OH 


Turfatfio  aoid. 
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The  two  papers  by  Kekul^  and  Coui>er  are  the  foundations  upon 
which  the  modem  structural  formulae  of  organic  compounds  rest. 
It  must  not  be  supposed  that  the  tjrpical  formulae  were  at  once  dis- 
carded in  favour  of  the  modern  notation.  On  the  contrary,  the 
typical  notation  was  in  general  use  for  many  years  after  the  above 
memoirs  had  appeared,  and  was  even  retained  in  Kekul^'s  textbook 
of  organic  chemistry  which  was  published  as  late  as  1866.  It  is 
erideni^  from  the  £acts  recorded  in  the  next  chapter  having  reference 
to  the  basicity  of  lactic  acid,  that  the  true  significance  of  Kekul^'s 
and  Gouper's  views  had  not  then  (1863)  taken  root. 


Hs  (0 

O-  ^    OH 

lOH  Mo 


Btructural  Foirmiilae.  It  is  in  fact  difficult  to  assign 
any  particular  date  to  the  introduction  of  the  modem  structural  nota- 
tion. Its  adoption  was  the  result  of  a  gradual  and  almost  imper- 
ceptible development.  Frankland  made  a  distinct  advance  by  deriving 
his  compounds  from  the  marsh  gas  or  its  condensed  type,  and  break- 
ing up  the  rest  of  the  molecule  attached  to  the  typical  carbon  atoms 
into  tervalent  groups  thus : 

(H, 

Hi 

lOH  iOH 

Alcohol.  Aoetie  acid.  Oxalic  acicL 

Although  there  is  evidence  that  the  principle  of  carbon  linkages,  like 
that  suggested  by  Couper,  was  fully  recognized  before  its  actual 
adoption,^  it  was  not  until  1866  that  the  first  appearance  of  the 
modem  sjrstem  of  notation  occurs  in  two  papers  by  Erlenmeyer,* 
followed  in  1867  by  a  clear  exposition  of  the  subject  by  Frankland.'    '^ 

The  necessity  for  the  replacement  of  rational  by  structural  f ormidae 
became  more  and  more  emphasized  with  the  growth  of  the  subject, 
and  especially  with  the  extension  of  the  views  on  isomerism  which 
demanded  a  more  delicate  and  perfect  language  for  its  expression. 
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CHAPTER  II 

ISOHERISH  AND  STEREOISOMERISM 

Kistorical.  It  is  scarcely  a  matter  of  surprise  that,  in  the  early 
history  of  the  science,  inorganic  chemistry,  the  older  and  more  highly 
developed  branch,  should  have  bequeathed  to  organic  chemistry  its 
formulas  and  doctrines.  Every  inorganic  substance  had,  or  was 
assumed  to  have,  its  own  distinctive  composition,  and  the  principle 
was  tacitly  applied  to  organic  compounds. 

That  two  substances  might  have  the  same  composition  and  yet 
possess  different  properties  was  first  clearly  recognized  by  Faraday. 
It  appears  that  in  1820  Dalton  obtained  (by  the  distillation  of  certain 
&tty  oils)  a  hydrocarbon  which  combined  with  chlorine  like  olefiant 
gas,  and  he  drew  the  shrewd  conclusion  that  'most  probably  the 
atom  of  the  new  gas  consists  of  two  of  olefiant  gas '.  This  suggestion 
was  afterwards  confirmed  by  Faraday,  who  in  1825  undertook  an 
investigation  into  the  nature  of  the  oil  gas,  which  was  being  manu- 
factured by  the  Portable  Qas  Company  compressed  into  metal  vessels 
and  distributed  among  consumers.  This  compressed  gas  contained 
a  considerable  quantity  of  a  liquid  of  low  boiling-point,  from  which 
Faraday  isolated  a  hydrocarbon  which  had  the  same  composition  as 
olefiant  gas  but  twice  its  density.  It  was  on  the  same  memorable 
occasion  that  benzene  was  discovered.  Of  the  former  hydrocarbon 
Faraday  wrote:  ' In  reference  to  the  existence  of  bodies  composed  of 
the  same  elements  and  in  the  same  proportion,  but  di£Fering  in  their 
qualities,  it  may  be  observed  that  now  we  are  taught  to  look  for  them 
they  will  probably  multiply.' 

He  pointed  out  the  existence  of  a  similar  example  in  the  case  of 
the  fulminates  of  liebig  and  the  cyanates  and  cyanurates  of  Wohler. 

In  1828  Wohler  obtained  urea  (p.  9)  which  possessed  the  same 
composition  as  ammonium  cyanate  but  different  properties.  The 
existence  of  substances  of  this  character  aroused  a  lively  interest ; 
^for  Berzelius,  in  his  JahresbericJit  for  1829,  after  describing  the 
artificial  preparation  of  urea,  proceeds:  'This  fact  opens  the  door  to 
clearer  views  and  indicates  that  the  number  of  simple  atoms  may  be 
distributed  in  the  compound  in  various  ways,  and  thereby  give  rise 
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to  eompounds  with  different  properties,  as  we  have  already  begun  to 
discover  in  other  cases.' 

Two  years  later  Berzelius,  in  studying  an  acid  which  had  been 
loaiid  in  the  mother  liquors  from  the  manufacture  of  tartaric  acid  by 
Eastner,  a  manufacturer  of  Thann,^  showed  that  it  possessed  the 
same  composition  as  tartaric  acid,  but  different  properties,  and  named 
it  racemic  acid  {Traubena&ure).  It  is  an  interesting  &ct  that,  although 
Bexzelius  at  first  accepted  the  principle  of  isomerism  with  the  greatest 
reserve,  he  should  himself  have  been  the  discoverer  of  that  notable 
example  which  was  in  later  years  to  give  rise  to  the  modern  concep- 
tion of  stereoisomerism,  or  the  different  arrangement  of  atoms  in 
apace. 

In  reference  to  his  discovery  of  racemic  acid  in  the  Jcthresbmcht 
for  1831,  Berzelius  writes :  '  The  absolute  identity  in  composition  of 
two  compounds  possessing  different  properties  has  now  been  positively 
established  by  the  analysis  of  racemic  acid,  an  acid  of  organic  origin. 
This  acid  has  the  same  composition,  contains  the  same  elements  in 
the  same  atomic  proportion,  and  possesses  the  same  saturation 
capacity  as  tartaric  acid.'  He  proceeds  to  explain  it  by  a  different 
arrangement  of  the  atoms,  and  points  out  that  Mitscherlich's  dis- 
covery of  isomorphism  must  undergo  a  further  extension ;  for  as 
isomorphous  bodies  consist  of  different  atoms  similarly  arranged  in 
the  crystalline  state,  so  the  same  atoms  may  be  grouped  in  such 
a  way  as  to  produce  different  crystalline  substances,  which  is  the 
case  with  tartaric  and  racemic  acid..  In  order  to  distinguish  these 
substances  he  proposes  to  use  the  word  isomeric',  from  Icofupi^y 
composed  of  equal  parts.  In  the  following  year'  he  added  the  terms 
pd^merism  {vokviy  several)  to  indicate  compounds  possessing  the  same 
proportion  but  a  different  total  number  of  atoms,  and  metam&'ism 
(juTOy  used  in  the  sense  of  metamorphosis)  to  denote  isomeric  com- 
pounds so  nearly  related  that  they  can  undergo  reciprocal  conversion 
like  cyanic  and  cyanuric  acid. 

Thus  the  principle  of  isomerism  became  an  established  fact  in 
organic  chemistry,  and,  as  Faraday  had  foretold,  examples  soon  began 
to  multiply. 

XsomaErijnii  of  the  Paraffins.  One  case  of  isomerism  long  and 
strenuously  upheld  was  opposed  to  the  new  system  laid  down  by 

*  Raeemic  acid  had  been  previously  examined  by  Gay-Lussac  without  definite 
reealta.  Kastner  never  succeeded  in  reproducing  this  acid.  The  story  of 
Pasteur's  pilgrimage  in  1852  in  the  search  for  the  source  of  the  acid  is  one  of  the 
veritable  romances  of  chemistry :  Vie  de  Pasteur^  p.  70,  by  Vallery-Radot. 

>  JahnOf,,  1882, 12,  e8< 
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Kekul^y  and  was  eventually  shown  to  rest  on  insecure  experimental 
data.  This  was  the  two  series  of  hydrocarbons  known  as  the  free 
alcohol  radicals  and  their  hydrides. 

Reference  has  already  been  made  to  the  experiments  instituted  by 
Frankland  and  Kolbe  to  isolate  the  radicals  (p.  84).  It  was  there 
stated  that  by  the  action,  first  of  potassium  on  the  cyanide,  and  later 
of  zinc  on  the  iodide  of  the  radical,  the  radical  itself  was  set  free. 
From  methyl  iodide,  methyl  (OH^)  was  supposed  to  be  liberated,  and, 
from  ethyl  iodide,  the  radical  ethyl  (CsH^).  Subsequently  by  the 
action  of  zinc  and  water  on  ethyl  iodide  Frankland  obtained  a  hydro- 
carbon, which  he  called  ethyl  hydride  CgHs .  H.  The  formulae  given 
to  the  hydrocarbon  radicals,  methyl  (OH3),  ethyl  (C2H5),  &c.,  were 
contrary  to  the  law  of  even  numbers  of  Gerhardt  and  Laurent,  who 
doubled  them  (p.  81).  Many  other  chemists,  notably  Hofinann, 
Brodie,  and  Kopp,  took  the  same  view,  pointing  out  that  the 
physical  properties— vapour  density,  boiling-point,  and  molecular 
volume — demanded  the  double  formula.  This  was  subsequently 
conceded,  and  methyl  appeared  as  (CHjJs,  ethyl  as  (C2H5)2.  But  the 
question  was  then  raised  as  to  the  identity  of  methyl  with  ethyl 
hydride.  Frankland  maintained  that  they  were  isomeric,  an  opinion 
which  he  based  on  the  behaviour  of  the  two  hydrocarbons  towards 
chlorine.  He  aUeged  that  by  the  action  of  two  volumes  of  chlorine 
on  one  volume  of  the  hydrocarbons  a  gas  was  obtained  from  methyl 
without  change  of  volume,  accordiug  to  the  equation 

2CH3  +  2CI2  =  2CH2CI  +  2HC1 ; 

but  in  the  case  of  ethyl  hydride  two  volumes  of  hydrochloric  acid 
were  formed,  and  at  the  same  time  a  liquid  was  produced  which 
probably  had  the  formula  C2H4GI2.  These  statements  were  afterwards 
contested  by  Schorlenmier^  (1867),  who  by  a  careful  repetition  of 
Frankland's  experiments  and  by  his  own  original  investigations 
demonstrated  the  incorrectness  of  Frankland's  results.  He  showed 
conclusively  that  both  hydrocarbons  yield  the  same  products,  ethyl 
chloride  and  ethyl  alcohol,  and  at  the  same  time  established  the 
identity  of  other  chlorides  and  alcohols,  obtained  from  the  natural 
paraffins,  with  those  prepared  from  the  synthetic  hydrocarbons,  which 
he  obtained  by  the  action  of  sodium  on  the  iodides  of  the  radicals. 

iMommimm  of  the  liaotie  Acids.  A  special  interest  centres 
round  the  constitution  of  lactic  add  which  represents  an  early 
example  of  isomerism.    It  was  discovered  in  1780  by  Scheele  in 

>  Proc  Bo\/,  Soc,  1864, 18,  225  et  seq. ;  Tron$.  Chtim.  Soc.,  1864, 17,  262. 
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sour  milk.  In  1807  Beizelius  isolated  a  lactic  acid  from  the  juice 
of  fleah,  without  however  having  a  clear  conception  of  its  nature.^ 
It  was  not  until  Liebig  and  Mitscherlich  reinvestigated  the  subject 
in  18S2  that  the  individuality  of  the  sour  milk  acid  was  definitely 
established.  In  1847  Liebig*  further  drew  attention  to  the  character 
of  the  salts^  notably  the  zinc  and  calcium  salts  of  the  acid  from  the 
juice  of  fleshy  which  he  considered  to  be  identical  with  the  sour 
milk  acid,  until  Engelhardt,'  in  the  following  year,  pointed  out  the 
difpertnce  between  them. 

The  theme  was  by  no  means  exhausted,  for  between  the  years 
1858  and  1860  the  basicity  of  lactic  acid  became  the  object  of  a  lively 
eontroversy.  Although  Liebig  had  determined  the  formula  to  be 
CJB^O^j  Cterhardt  regarded  the  acid  as  dibasic  and  the  formula  was 
doubled.  Strecker's  synthesis  of  alanine  from  aldehyde  and  the  con- 
version of  the  former  into  lactic  acid  led  to  the  re-adoption  of  the 
older  formula.  The  correctness  of  this  view  was  subsequently 
confirmed  by  Wurtz,  who  prepared  the  acid  by  the  oxidation  of 
propylene  glycol/  Kolbe  and  Wurtz  were,  however,  divided  on  the 
question  of  its  basicity.  Wurtz  held  it  to  be  dibasic  by  reason  of 
its  connection  with  propyl  glycol  (to  which  it  stands  in  the  same 
relation  as  alcohol  to  acetic  acid),  a  view  which  he  expressed  by  the 
following  typical  formulae: 


Alcohol.  Acetic  acid. 


CjH,  )  o  C8H4O  )  o  C3H4O ) 

Propylene  glycol.  JLactic  acid.  Lactyl  chloride. 

With  phosphorus  chloride  it  yields  lactyl  chloride.  Both  reactions 
indicated  the  presence  of  two  typical  hydrogen  atoms.  Kolbe,  on  the 
other  hand,  regarded  it  as  monobasic  and  called  it  oxypropionio  add, 
which  expressed  the  same  relation  to  propionic  acid  that  glycollic 
bears  to  acetic  or  oxybenzoic  to  benzoic  acid.  In  support  of  his  view 
he  pointed  out  that  glycocoU,  alanine,  and  amidobenzoic  acid  are 
ecMiverted  in  the  same  manner  by  nitrous  acid  into  the  respective 
oxyacids.  Moreover,  the  glycols,  he  alleged,  were  not  alcohols,  but 
oxyhydrates,  as  they  neither  yielded  nor,  according  to  his  formulae, 

^  Tnatiie,  vol.  ix,  573;  Jahresb^  1828,  2,  73 ;  Annaien,  1832, 1,  1. 

*  jCntioten,  1847, 62,  826^ 
'  AnmtUny  1848,  66,  359. 

*  Cmpt.  rmd.,  1858,  46,  1228 ;  Annaien,  1868, 107,  192. 
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could  yield  aldehydes  on  oxidation.'    He  wrote  the  formulae  as 
follows: 

2H0^*^  I  CA    H0(C4Hj)CA,0      H0(C4  j  (^)CA.O 

Propylene  glycol.  Propionic  acid.  Oxypropionic  acid. 

Lacfyl  chloride  was  explained  as  chloropropionyl  chloride,  for  the 
two  chlorine  atoms  possess  different  functions,  one  only  being 
acted  upon  by  water,  forming  chloropropionic  acid,  or  by  alcohol, 
giving  chloropropionic  ether.^ 

Fresh  proo&  were  now  brought  forward  by  Wurtz  in  favour  of  the 
dibasic  nature  of  the  acid.  Brtlning  had  obtained  dibasic  tin  salts 
of  the  acid,  and  Wurtz  had  prepared,  by  the  action  of  sodium  ethylate 
on  chloropropionic  ether,  the  diethyl  ether  of  lactic  acid. 

The  reduction  of  lactic  acid  to  propionic,  which  had  recently 
been  accomplished  by  Ulrich,  and  the  fact  that  Wurtz's  diethyl  ether 
only  lost  one  alcohol  radical  on  boiling  with  caustic  soda,  were 
adduced  by  Kolbe  in  support  of  his  view.'  So  the  discussion  con- 
tinued, new  facts  being  advanced  by  both  disputants.^  Wurtz  had 
meantime  introduced  the  distinction  between  atomicity  and  basicity : 
whereas  basicity  is  determined  by  the  number  of  hydrogen  atoms 
replaceable  by  a  metal,  the  atomicity  is  conditioned  by  the  valency 
of  the  radical.  Although  glycol  contains  two  typical  hydrogen 
atoms  neither  is  basic,  whilst  in  glycoUic  acid  one  of  the  two  is 
basic  and  in  oxalic  acid,  both. 

But  the  distinction  found  no  expression  in  Wurtz's  typical  formula, 
and  it  was  left  to  Wislicenus  ^  to  show  that  the  two  views  might  be 
very  simply  reconciled  by  translating  Kolbe's  formula  into  the  typical 
notation,  which  meant  the  subdivision  of  the  type  into  smaller  types. 
Wislicenus'  formulae  for  propionic  and  lactic  acid  appeared  as 
follows : 


O 


Propionic  acid. 

The  inner  water  type  represents  alcoholic,  the  outer  one,  acid  pro> 
perties;  or,  as  Wislicenus  expressed  it,  the  diatomic  and  negative 

^  On  this  one  point  Kolbe  was,  of  course,  in  error,  for  he  did  not  admit  Debus* 
glyoxal  to  be  the  aldehyde  of  glycol. 

*  Anmdm,  1869,  loe,  267.  ^  jinmdm,  1860,  lid,  228. 

*  Annakn,  1861, 119,  869.  »  Annakn^  1868,  125,  41. 
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carbonyl,  is  half  neutralized  by  the  positive  alcohol  radical, 
whilst  the  second  half  retains  its  monobasic  acid  character.  These 
relations  were  more  clearly  emphasized  when  Kekul^'s  graphic 
fi>rmiilae  came  into  general  use,  which  followed  shortly  after  the 
publication  of  his  textbook.^ 

The  stracture  of  the  second  lactic  acid  from  flesh,  called  by  Heintz 
pamUaciie  acid  and  by  Strecker  sarcolactic  acid,  was  still  unexplained, 
SB  well  as  the  connection  subsisting  between  these  two  and  a  new 
isomeric  acid  which  shortly  appeared  on  the  scene. 

In  1863  Wislicenus'  e£fected  the  synthesis  of  lactic  acid  by  the 
action  of  potassium  cyanide  on  ethylene  chlorhydrin,  which  yielded 
the  eyanhydrin,  and  this,  on  hydrolysis,  formed  the  new  or  ethylene 
Isetie  add.'  At  first  he  pronounced  the  product  to  be  identical  with 
Idebig's  paralactic  acid  ;  but,  on  reinvestigating  the  matter,  he 
recognized  Liebig's  acid  as  a  mixture  of  an  optically  active  acid  with 
a  small  quantity  of  his  own  acid.^  There  were  therefore  three  acids. 
A  fourth  isomeric  acid  was  stated  by  Beilstein  to  be  formed  by  the 
action  of  silver  oxide  and  water  on  ^-iodopropionic  acid,  and  named 
by  him  hydracrylic  acid,  from  its  ready  decomposition  into  acrylic  acid 
by  heat ;  but  its  identity  with  ethylene  lactic  acid  was  subsequently 
established  by  Wislicenus." 

The  existence  of  more  than  two  structurally  different  acids  at  the 
time  Wislicenus  published  his  final  paper  on  the  subject  in  1878 
could  not  be  explained  by  any  current  hyi>othesis,  and  in  reviewing 
his  results  he  draws  attention  to  the  necessity  for  extending  the  con- 
ception of  atomio  grouping.  '  If  it  is  once  granted  that  molecules 
can  be  structurally  identical  and  yet  possess  dissimilar  properties  it 
can  only  be  explained  on  the  ground  that  the  difference  is  due  to 
a  different  arrangement  of  their  atoms  in  space.'  ^ 

Zsoaieiiam  of  the  Tartario  Adda.  Many  years  before  the 
appearance  of  the  first  memoir  of  the  German  chemist  a  partial 
solution  of  a  similar  problem  had  been  offered  by  the  French  chemist, 
Louis  Pasteur.  Pasteur  did  not  range  far  into  the  field  of  chemistry, 
but  during  the  few  years  (1848-54)  that  he  laboured  at  the  subject 
he  struck  so  rich  a  vein  of  scientific  wealth  that,  after  the  lapse  of 
half  a  century,  it  still  remains  unexhausted.  The  fascinating  story 
of  his  discovery  is  told  in  two  lectures  on  ^  Molecular  Asymmetry ' 
delivered  before  the  Chemical  Society  of  Paris  in  1860.*^ 

^  Lehrfmch  der  oqfcmiachm  Ckemie  (1S66).  7 

>  Armaim,  1863, 128,  1.  '  Armalmf  1868,  123,  1. 

♦  Ber.,  1869,  2,  650.  '•  Ber.,  1870,  3,  809. 

«  AnruOm,  1873, 167,  343.  ^  Alembic  aub  Beprints,  No.  14. 
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The  investigation  in  question  concerns  the  nature  of  the  two 
isomeric  compounds,  tartaric  and  racemic  (paratartaric)  acid,  to 
which  reference  has  already  heen  made. 

To  understand  the  steps  which  led  to  the  remarkable  results 
achieved  by  Pasteur  it  is  necessary  to  revert  to  the  year  1808  when 
Malus  discovered  the  phenomenon  of  the  polarization  of  light.  At 
his  death,  which  took  place  at  the  early  age  of  thirty-seven,  his  pupils 
Arago  and  Biot  continued  his  investigations  on  the  subject.  Biot 
(1815)  observed  the  peculiar  property  which  a  section  of  quartz 
crystal  exhibits,  when  cut  parallel  to  the  axis  and  viewed  by  polarized 
light,  of  producing  rotatory  polarization.  He  found,  moreover,  that 
there  exist  two  kinds  of  ciystals  which  rotate  the  beam  of  light  in 
opposite  directions.  Some  years  earlier  Hauy,  the  mineralogist, 
had  noticed  two  kinds  of  quartz  crystals  possessing  hemihedral 
facets  on  opposite  sides  of  the  crystal,  constituting  what  are  known 
as  enantiomorphous  forms.  In  1820  Sir  John  Herschel  suggested 
in  a  paper  read  before  the  Boyal  Society  a  possible  link  between 
the  opposite  kind  of  polarization  and  the  reversed  position  of  the 
facets. 

The  suggestion  of  Herschel  recurred  to  Pasteur  when  in  1848  he 
discovered  hemihedral  facets  on  tartaric  acid,  which  was  known  to 
be  dextro-rotatory.  He  recalled  at  the  same  time  a  statement  which 
Mitscherlich  had  communicated  to  the  Academy  of  Sciences,  and 
which  had  greatly  puzzled  him  at  the  time  of  its  publication,  to  the 
following  e£Fect:  'The  sodium  ammonium  double  salt  of  racemic 
and  tartaric  acids  have  the  same  chemical  composition,  the  same 
crystal  form,  and  the  same  angles,  the  same  specific  gravity,  double 
refraction,  and  consequently  the  same  angles  between  the  optic 
axes.  The  aqueous  solutions  have  the  same  refraction,  but  the 
dissolved  tartrate  turns  the  plane  of  polarization  and  the  racemate 
is  indifferent,  as  Biot  has  found  for  the  whole  series  of  salts,  yet 
here  the  nature  and  number  of  the  atoms,  their  arrangement  and 
distances  are  the  same  in  the  two  substances.' 

If,  thought  Pasteur,  the  racemate  should  possess  no  hemihedral 
facets  and  HerscheFs  supposition  is  correct^  it  will  account  for  its 
optical  indifference. 

He  forthwith  crystallized  sodium  ammonium  racemate,  but  found 
that  the  crystals  exhibited  the  hemihedral  facets  of  the  tartrate.  On 
further  examination  it  was  observed  that  the  facets  were  diffeiently 
situated  on  the  different  crystals,  some  being  disposed  on  the  inverse 
side  to  others.  The  forms  were  enantiomorphous.  They  were 
separated,  and  the  one  proved  to  be  the  salt  of  ordinary  or  right- 
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handed  tartaric  acid,  whereas  the  other  was  that  of  a  new  left-handed 
aeid,  and  the  presence  of  the  two  kinds  in  equal  quantities  produced 
inactiyity  in  the  solution. 

In  reviewing  his  results,  Pasteur  pointed  out  that  the  hemihedral 
faeets  in  the  cr3rstal  mark  the  property  of  rotatory  polarization, 
but,  whereas  the  proi>erty  is  present  in  crystalline  quartz  and  absent 
in  the  amorphous  variety,  it  is  absent  in  solid  tartaric  acid,  but 
present  in  the  fused  or  dissolved  state. 

The  asymmetry  must  therefore  be  a  function  of  the  structural 
arrangement  of  the  molecules  in  quartz,  and  of  the  atoms  in  the 
molecules  of  substances  which  rotate  the  plane  of  polarization  in 
the  gaseous  and  liquid  state  or  in  solution.  In  the  latter  the 
molecules  are  asymmetric.  Now  where  asynmietry  exists  in  an 
object,  such  as  a  hand  or  foot,  the  only  other  object  which  is 
symmetrical  with  it  is  its  reflected  image,  i  e.  the  corresponding 
hand  or  foot  which  cannot,  however,  exactly  overlap.  The  object 
and  image  are  said  to  be  non-euperpoeable.  How  is  this 
asynmietry  of  the  molecule,  which  may  exist  as  object  and  image, 
produced?  'Are  the  atoms  of  right-handed  tartaric  acid,'  asks 
Pasteur,  '  arranged  along  the  spiral  of  a  right-handed  screw,  or  are 
they  situated  at  the  comers  of  an  irregular  tetrahedron,  or  have 
they  some  other  asymmetric  grouping  ?  We  cannot  answer  these 
questions.  But  of  this  there  is  no  doubt,  the  atoms  possess  an 
asymmetric  arrangement  having  a  non-superposable  image.  Equally 
certain  is  it  that  the  atoms  of  the  left-handed  acid  possess  just  the 
inverse  asymmetric  arrangement.  Lastly,  we  know  that  racemic 
acid  results  from  the  juxtaposition  of  these  two  inversely  asynmietric 
atomic  groupings.'  ^ 

Thus;  the  paths  pureued  by  the  French  and  Oerman  chenusts, 
though  they  lay  so  far  apart  in  point  of  time  and  differed  so  widely 
in  their  character,  converged  ultimately  towards  the  same  end,  the 
conception  of  atomic  space  arrangement 

"Whilst  the  closing  words  of  Wislicenus'  memoir  were  taking  root 
in  the  mind  of  the  brilliant  young  Dutch  chemist,  van't  Hoff, 
Pasteur's  views  were  being  moulded  into  definite  shape  by  his 
countryman  Le  BeL  Almost  simultaneously  van 't  Hoff  and  Le  Bel 
published  their  theories  of  space-  or  stereo-chemistry.  Van 't  Hoff 's 
paper  appeared  in  September,  1874,^  whilst  Le  Bel's  memoir  was 
published  in  November  of  the  same  year.' 

^  JiembU  Oub  Beprinta,  No.  14 ;  Ostwald's  KUusiker,  No.  28. 
'  'Yoontel  tot  ijitbreidmg  der  Stractuurfonnules  in  de  Ruimte,'  Brochure, 
1874. 
>  BuXU  Soc  CMta.^  1874,  22,  887. 
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STEREOCHEMISTRY  OP  CARBON 

Optical  AetiTity  and  AajmxMtry.    The  theory  of  van 't  Hoff 

and  Le  Bel  connecta  optical  activity  with  molecular  structure. 
Substances  which  are  optically  active  in  the  fused  state  or  in  solution 
contain  within  the  molecule  at  least  one  multivalent  atom  united  to 
different  elements  or  groups  forming  an  unsymmetrical  space  arrange^ 
ment  As  four  is  the  minimum  number  of  material  points  demanded 
by  any  space  arrangement  in  three  dimensions,  the  multivalent  atom 
which  unites  the  elements  or  groups  must  be  at  least  tervalent.  In 
the  majority  of  carbon  compounds  the  multivalent  atom  is  carbon  ; 
but  optically  active  compounds  are  known  in  which  the  central  ele- 
ment of  the  system  is  nitrogen,  sulphur  selenium,  or  tin  (pp.  168-171), 

Optioal  Zaomerism.  Ol^act  aad  Xirror  Image.  As  Pasteur 
pointed  out,  every  asymmetrical  object,  like  a  hand  or  foot,  has  its 
fellow,  but  they  do  not  precisely  overlap ;  they  are  non-superposable* 
A  left  hand  will  not  fit  a  right-hand  glove.  In  the  same  way  a 
substance  containing  a  carbon  atom,  round  which  four  different 
groups  are  distributed  in  three-dimensional  space,  is  capable  of 
existing  in  two  forms  which  correspond  to  a  left  and  right  hand,  or 
to  an  object  and  its  reflected  image. 

The  chief  point  of  difference  between  two  substances,  having  a  spaee 
arrangement  or  configuration  of  their  atoms  corresponding  to  object 
and  image,  Ues  in  their  action  on  polarized  light,  the  one  turning  it 
to  the  right  (right-handed  or  dextro-rotatory),  and  the  other,  precisely 
the  same  amount,  to  the  left  (left-handed  or  laevo-rotatory)  when  in 
the  dissolved  or  liquid  state.  In  all  other  physical  properties — 
density,  molecular  volume,  boiling-point,  melting-point,  solubility, 
conductivity,  refraction,  &c. — and  in  their  chemical  behaviour  the 
two  substances  are  identicaL  There  are  numerous  observations 
which  support  this  conclusion.  The  two  complementary  active  forms 
are  variously  termed  active  componentSj  antipodeSy  or  enantiomorphs. 
The  term  enantiomorph,  though  applied  originally  to  crystal  forms 
(p.  62),  appears  on  the  whole  the  most  suitable  and  convenient.  It 
conveys  the  idea  of  object  and  image,  and  it  can  moreover  be  used 
both  in  the  singular  and  in  the  adjectival  form  of  enantiomorphous. 
The  dextro-  or  laevo-rotation  of  a  substance  is  indicated  by  the  letters 
dorl  or  by  the  plus  or  minus  sign.  So  far  the  theories  of  van 't 
Hoff  and  Le  Bel  substantially  agree,  but  in  points  of  detail  they 
present  certain  differences. 
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▼aa  t  KofTs  Theory.  Van 't  Hoff  legaids  the  cazbon  atom  as 
poflflOBfling  foar  valeneiea  or  bonds  directed 
towards  the  summits  of  a  tetrahedron,  of 
which  it  ooeupies  the  centre.  If  the  groups 
rejnesented  by  a,  bf  e^  d  attached  to  these 
four  bonds  (Fig.  1)  are  different,  such  a 
grouping  is  present  in  substances,  which,  like 
letive  amyl  alcohol  or  paralactic  acid,  exhibit 
optical  activity. 

In  amyl  alcohol  the  central  carbon  atom  ^'^*  ^' 

18  linked  to  the  groups  H,  CH„  CH^OH, 
and  G2H5 ;  in  paralactic  add  to  H,  OH,  CH.,  and  COOH: 


CH 


8 


CHa 
[—0—0 

i 


H 


M,  COOH 

Amyl  aloohol.  FlaralMtic  acid. 

Represented  by  space  formulae  (Figs.  2  and  8)  the  grouping  is  unflym< 


CH3 


CH,OH 


HO 


COOH 


Fie.  2. 


Fig.  8. 


metrical,  or  asymmetrical  in  the  sense  that  it  forms  a  figure  which 
cannot  be  divided  in  any  direction  into  exactly  similar  halves.^ 


'  Van 't  Hoff  pointa  out  the  necessity  of  some  such  space  arrangement  if  we 
desire  to  explain  the  abeenoe  of  isomerism  in  cases  where  carbon  is  attached  to 
two  pair  of  similar  groups  Caah| ;  for  if  the  arrangement  is  represented  in  one 
pluie  the  two  following  forms  should  exist,  and  no  such  case  of  isomerism  is 
Known. 


a- 


The  same  is  true  of  the  compound  Ca,be  which  should  form  two  structural 
isomers,  hut  is  represented  hy  only  one  indiTidual. 

F 
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The  central  carbon  atom  of  the  group  is  termed  the  as^frnmetric 
carbon  atom. 

Such  an  asymmetrical  group  has  a  complementary  form  or  mirror- 
image  possessing  ihe  reyerse  rotation.  The  two  forms  of  lactic  acid 
will  appear  as  in  Fig.  4.  The  one  is  the  mirror-image  of  the  other 
and  they  cannot  be  turned  so  as  to  coincide.  This  can  only  be 
effected  by  interchanging  two  of  the  groups  in  one  of  the  figures. 


PHi 


HOO 


OH 


COOH 


Fig.  4. 


Van 't  Ho£F  used  a  tetrahedron  to  denote  the  distribution  of  the 
four  groups,  but  did  not  postulate  any  special  shape  of  tetrahedron, 
which  may  be  regular  or  not^  and  will  probably  depend  on  the 
relation  of  the  groups.  The  molecular  dimensions  in  no  way  affect 
the  main  conclusions,  and  may  for  the  present  be  disregarded.  It  is 
not,  howeyer,  essential  to  make  the  asymmetric  carbon  ihe  centre  of 
a  tetrahedral  figure  as  yan  't  Hoff  proposed.  The  principle  is  in  no 
way  affected  if  the  tetrahedron  is  replaced  by  a  sphere  on  which  the 
four  groups  are  distributed  in  three-dimensional  space,  or  if  the 
groups  are  attached  to  four  carbon  linkages  not  lying  in  one  plane, 
thus: 


Fig.  5. 

Le  Bel's  Theory.  As  already  stated,  in  its  fundamental  idea  Le 
Bers  theory  agrees  with  that  of  yan 't  Hoff.  Both  recognize  the 
existence  of  asymmetry  produced  by  a  space  arrangement  of  four 
diffBient  groups  or  radicals  surrounding  the  central  carbon  atom,  its 
effect  in  producing  rotatory  polarization,  and  the  necessary  con- 
sequence   of  a  complementary  form  or  mirror-image  haying  the 
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x0V0ise  rotatioxL  They  differ  in  regard  to  the  nature  of  valency. 
Le  Bel  does  not  recognize  the  structural  conditions  laid  down  by 
Kekuld's  theory  of  the  quadriyalency  of  carbon  or  van't  Hoff's 
added  hypothesis  that  the  bonds  are  directed  towards  the  summits 
of  a  tetrahedron.  'The  asymmetry  of  the  molecule,'  says  Le  Bel,^ 
'can  only  be  manifested  by  the  asymmetric  distribution  of  four 
atoms  or  radicals  united  to  a  single  carbon  atom,  and  this  asymmetry 
wiU  necessarily  exist  if  these  four  radicals  are  different,  whateyer  be 
the  geometrical  form  of  the  molecule/  As  van't  Hoff's  theory 
is  in  stricter  conformity  with  modem  conceptions  of  structural 
chemistry,  we  shall  proceed  to  develop  his  view  of  stereoisomerism. 

Vatoze  of  th#  Bpaoa  ikmuigoiiioat.  The  theory,  as  we  see, 
inYolves  the  conception  of  fixed  material  points.  Such  a  conception, 
according  to  van't  Hof^  is  not  inconsistent  with  that  of  atomic 
motion,  for,  as  the  possibility  of  dissociation  diminishes  with 
decreasing  temperature,  the  state  of  things  at  absolute  zero  is  only 
to  be  explained  by  atomic  mechanics ;  for  intramolecular  motion 
then  ceases  and  the  atoms  must  retain  their  positions  by  some 
force  of  repulsion  which,  he  says,  may  possibly  be  electricity.' 

The  internal  motion  of  the  atoms  may  therefore  be  disregarded, 
and  the  centres  about  which  they  oscillate  considered  as  a  statical 
system  of  material  pointa  How  far  the  modem  views  of  valency 
fit  in  with  the  idea  of  material  points,  whether  the  valency  of 
earbon  takes  the  form  of  a  force  acting  in  four  directions  or  of  one 
evenly  distributed  over  the  atom,  whether  it  is  determined  by 
a  tetrahedral  figure  of  the  carbon  atom  or  depends  upon  the  sub- 
division of  the  atom  into  smaller  parts,  it  is  not  our  intention  to 
discuss.  We  are  at  present  concerned  with  the  experimental 
evidence  upon  which  the  theory  rests. 

Optically  AetiTe  Compounds  contain  Ai^aimatric  Carbon- 
According  to  the  theory  all  opticaUy  active  compounds  contain  an 
asymmetric  carbon  atom.' 

The  following  are  well-known  examples  of  optically  active  sub- 
stances containing  one  or  more  asymmetric  carbon  atoms,  denoted 
in  the  formulae  by  heavy  type : — 


>  BiOL  8oc  CMm.,  1875  (2),  23,  888 ;  1882  (2),  37,  300 ;  1892  (8),  7,  164 ;  see 
Freimdler's  BUreocMmie,  p.  10. 

'  Anwng&maU  qf  Atomt  in  Spaoe^  by  J.  H.  vanH  Hoff,  trans,  by  A.  Eiloart 
(Loiiemaiis)|  p.  8. 

'  ezelading  for  the  present  derivatives  of  other  elements  than  earbon. 
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Amyl  alcohol 
Lactic  acid 
Malic  acid 
Chlorosuocinic  add 
Aspaiagine 
Ai^Hurtic  acid 
Leucine 
Mandelic  acid 
Tjrroeine 
Tartaric  acid 
Mannitol 
Saccharic  acid 
Glucose 


GH,(G,Hg) .  CH .  CH,OH 
CHg .  CH(OH) .  COOH 
COOH .  CH(OH) .  CH, .  COOH 
OOOH  CHOI .  CH, .  COOH 
COOH .  CH(NH^ .  CH, .  OONH, 
COOH  CH(NH^  .  CH, .  COOH 
C«H,  .  GH(NHj)  .  COOH 
CeH5CH(0H).C00H 
OH .  CeH4 .  CH, .  CH(NH,) .  COOH 
COOH .  CH(0H)  .  CH(0H)  .  COOH 
CH,OH .  (OH .  0H)4 .  CH,OH 
COOH .  (OH .  0H)4 .  COOH 
CH,0H(0H  .  0H)4 .  CHO. 


The  asymmetiio  carbon  atom  may  also  form  part  of  a  ring  as 
in  propylene  oxide,  limonene,  and  conine. 


CH. 


CHs 
C 
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O 
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CH, 

Propylene  oxide. 
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H,Ck/\3HCjHT 
NH 


C 

CH3  CH2 

Limonene. 


Conine. 


The  supposed  actiyity  of  a  few  compounds  like  propyl  alcohol, 
CH3 .  CH2.  GHgOH,  and  siyrene,  CeH^CH :  CH2»  which  contain  no 
asymmetric  carbon,  has  been  traced  to  inaccurate  observations. 

Whether  eyery  solid  compound,  which  is  active  in  solution, 
cr3rstallizes  in  a  hemihedral  form,  as  Pasteur  supposed,  is  a  question 
about  which  opinions  at  present  differ,  and  until  fresh  evidence  is 
forthcoming  judgment  must  be  suspended.  Anothor  question,  how- 
ever, suggests  itself.  Does  activity  of  a  substance  in  a  liquid  state  or 
in  solution  necessarily  involve  activity  of  the  solid  ?  It  appears  to 
be  rather  the  exception  than  the  rule  to  find  a  substance  active  in 
both  states.  It  has  been  observed  in  the  case  of  certain  tartrates, 
strychnine  sulphate,  zinc  bimalate,  and  camphor.  There  is,  how- 
ever, no  necessary  connection  between  the  activity  of  the  two  states, 
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and  ii  must  be  carefully  borne  in  mind  that  stereoisomeriam  is 
eoneemed  with  the  activity  of  the  liquid  or  dissolved  substance^  and 
not  with  that  of  the  solid* 


Optical  Aetnritj  and  A^jmiiietry  diaanear  together.  Accord- 
ing to  the  theory,  activity  should  disappear  with  the  removal  of 
aBymmetry,  that  is  to  say,  when  all  the  four  groups  are  no  longer 
diBsimilar;  when,  for  example^  the  compound  Cabcd  becomes 
Ca^bc. 


Amyl  alcohol. 


CH3  1 

V 


CjHj  CHjOH 

wliieh  is  aetive  in  its  esters,  in  the  chloride,  bromide,  iodide^  in 
unylamine  and  its  salts,  haying  the  general  formula: 

CH.  H 

V 

/\ 

C2I15  CHjX, 

Amyl  deriyailTei. 

also  in  the  aldehyde,  valeric  add,  and  numerous  other  derivatives^ 
CA3  H  CM3  Si 

V  V 

Cfi,  CHO  CgHs         OOOH 

yal«nld«h7d«.  Valeric  Mid. 

beeomes  inaetire,  as  Le  Bel  and  Just  have  shown,  in  methyl  amyl, 
amylene,  and  amyl  hydride,  wherein  the  asymmetrie  earbon  is 
lacking. 

GH.  H  CH3  CH,  H 

\  /  \  \  / 

C  C  -  CH,  C 

C^(         CjHg  CigHg  CgHj  CHj 

Methyl  omyl.  Amylene.  Amyl  hydride. 


/ 
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A^ctiye  malic  add,  which  can  be  converted  into  active  chlorosuccinie, 
methozy-succinic,  and  aspartic  acid, 

H  COgH  H  COjH  H  COjH 

X       X      ^ 

CI         CHj.OOjH    CH,0         CHj.COjH      im,     C!H,.CO,H 

Chlorosaoomio  Mid.  Hethoxjr-suooinlc  Mid.  AqMirtio  Mid. 

yields  ioMtive  succinic  acid  on  reduction, 

H  COOH 

V 

CHg.COOH 

Even  living  organisms  which  exhibit  a  tendency  to  fonn  active 
substances  never  do  so  in  the  absence  of  an  asymmetric  carbon. 
Succinic  acid,  which  often  accompanies  fermentative  processes,  is 
never  active.  It  should  be  pointed  out  that  where  one  group  replaces 
another  so  that  asymmetry  is  preserved,  the  product  is  not  alwajrs 
active.  The  fact  is  accounted  for  by  the  compound  undergoing 
during  the  process  what  is  known  as  raeemisationf  which  will  be 
explained  later  (p.  80).  Thus,  an  active  chloro-succinic  acid  was 
obtained  by  Walden  ^  from  malic  acid  and  phosphorus  pentachloride, 
but  the  bromo  compound  prepared  in  a  similar  way  was  inactive. 
The  same  thing  occurred  with  ^mandelic  acid,  which  gave  inactive 
phenylbromacetic  acid.  Observations  of  a  similar  character  have 
frequently  been  made. 

Qptioal  ZnaotiTity  may  exist  with  Ajqrnimetry.  We  have 
now  to  discuss  the  converse  of  our  first  proposition.  Is  the  presence 
of  an  asymmetric  carbon  atom  always  associated  with  optical  activity? 
This  is  not  necessarily  the  case.  In  the  first  place,  the  compound 
may  consist  of  equal  quantities  of  the  two  optically  active  varieties, 
in  which  case  the  activities  will  be  neutralized,  and  hence  the 
substance  will  appear  inactive. 

The  ZnaetiTe  DivisiUe  Type*  Thus,  lactic  acid  from  sour 
milk  is  inactive  owing  to  the  presence  of  equal  quantities  of  the 
dextro-  and  laevo-compounds.  Proof  of  this  has  been  given  by 
resolving  the  inactive  acid  into  its  two  active  components  by  methods 
to  be  presently  described,  and  recombining  the  latter  so  as  to  repro- 

1  Ber.,  1808,  26,  214 ;  1895,  28, 1287. 


THE  INACTIVE  DIVISIBLE  TYPE  71 

duoe  the  inaefciTe  substanoe.  Inactiye  cacemic  aoid  is  produced  in 
the  same  way  by  dissolving  equal  quantities  of  the  deztro  and  laeyo 
tartaric  acids.  There  exist  a  host  of  similar  examples^  which  it  is 
unnecessary  to  reprodu^^  In  certain  cases  the  two  active  varieties 
or  enantiomorphs  crystallize  together,  forming  a  product  which  has 
physical  properties  distinct  from  those  of  either  constituent.  Such 
a  compound  is  called  racemie.  The  term  is  derived  from  racemic 
aeid,  which  in  itself  and  its  salts  differs  in  crjrstalline  form,  water  of 
crystallizatioui  solubility,  density,  refraction,  melting-point,  &c., 
from  either  of  the  single  active  acids  or  their  salts.  Such  differences 
disappear  in  solution,  and  the  substance  then  behaves  like  a  mixture. 
The  distinction  between  racemic  compounds  and  inactive  mixtures 
is  discussed  more  fully  on  p.  85.  The  two  kinds  of  inactive  sub- 
stances are  distinguished  by  the  letters  r  and  dl. 

ThM  Xsiaetive  ZndiTiailile  Typ^.  There  is  another  kind  of 
inactivity  which  has  quite  a  different  origin.  It  depends  upon  the 
presence  in  the  molecule  of  an  even  number  of  similar  asymmetriQ 
carbon  atoms,  that  is  to  say,  carbon  atoms  to  each  pair  of  which 
a  similar  set  of  groups  is  attached  This  inactive  type  was  first 
observed  by  Pasteur  in  the  case  of  tartaric  acid  which,  in  addition  to 
inactive  laeemic  acid,  exists  in  the  isomeric  form  of  mesotartaric  acid, 
and  is  obtained  by  heating  ordinary  tartaric  acid  with  water  or 
alkalis.  The  two  ace  distinguished  by  different  ph3^ical  properties, 
but  more  especially  by  the  fact  that  mesotartaric  add  cannot  be 
resolved  into  active  components. 

If  we  examine  the  structural  formula  of  tartaric  acid  it  will  be 
seen^that  it  possesses  two  asymmetric  carbon  atoms,  denoted  in  the 
figure  by  thick  type. 


C— c< 


lOOH 

I 
HO— C— OOOH 

I 
H 

Each  asymmetric  carbon  atom  is  attached  to  similar  group&  Let 
us  suppose  that  each  asymmetric  carbon  with  its  associated  groups 
produces  a  certain  rotation  in  a  given  direction.  W^  may  imagine 
the  follovring  combinations  of  two  similar  asymmetric  groups.  Both 
produce  dextro-rotation,  or  both  produce  laevo-rotation.  They  will 
represent  the  dextro-  and  laevo-enantiomorphs,  and  the  mixture  of 
the  two  will  produce  inactive  racemic  acid.    Bacemic  acid  is  said  to 


72 


STEBEOCHEHISTBT  OF  CARBON 


be   inactive  by  external  cony^ensatum.    Suppoae,  finally,   that  the 
two  asymmetric  groups  produce  rotation  in  opposite  directions. 


Fio.  6. 

They  will  neutralize  one  another.    The  result  will  be  a  compound 
which  is  inaetiye   by  mienuU  compenscUum.    Such  a  compound 

cannot  be  resolved  by  any  process  into  its  active 
a.  components.  The  last  arrangement  represents 
mesotartaric  add,  which  is  permanently  inactive 
or  indivisible.  The  explanation  is  more  easily 
followed  by  means  of  models.  Suppose  Uiat 
Fig.  6  represents  the  two  asymmetric  carbon 
atoms  and  that  the  bonds  lettered  a,  &,  e^  stand 
for  the  three  groups  H,  OH,  and  COOH,  for 
which  coloured  sticks  may  be  employed.  Join 
together  two  identical  modek  by  bringing  the 
one  on  the  top  of  the  other  (Fig.  7). 

If  we  suppose  each  model    to  be  dextro- 
rotatory, the  combination  will  also  be  dextro- 
rotatory, and  will   stand   for   the  dextro-add.  Fig.  8  (I).^     The 
mirror-image  of  this  is  shown  in  Fig.  8  (II),  and  will  represent 

b  (L  CL  Jb  €L  Jf 


Fie.  7. 


O/ 


in 


the  laevo4idd.    The  mixture  of  the  two  will  give  inactive  raoemic 

^  It  may  be  stated  at  onoe  that  there  is  no  means  of  ascertaining  the  absolute 
relation  of  configuration  to  rotation. 
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add.  Fiiudlyy  if  the  top  and  bottom  asymmetric  groups  standing 
in  the  relation  of  object  and  image  are  combined,  the  rotations  are 
cppoeed  and  neutralized  and  mesotartaric  aeid,  Fig.  8  {ill),  is 
piodneed.  It  is  identicaT  with  its  mirror-imagey  for  by  lerolying 
either  of  tiiem  in  the  plane  of  the  paper  through  180^  they  will 
coincide. 

Instead  of  models,  projection  formulae  can  be  used,  and  if  the 
•flynunetric  carbon  atom,  instead  of  being  represented  by  C,  is 
meraly  denoted  by  a  cross  line,  the  above  configurations  will  assume 
the  following  simple  form: 

OOOH  OOOH  OOOH 


OH 
H 


H 
OH 


H 


OH 


OH 
H 


H- 
H 


OH 
OH 


OOOH  OOOH  OOOH 

dL  Turtarie  and.  2.  Tartaxie  aoid.  M  eaoUrtarie  add. 

The  formulae  unayoidably  depict  a  fixed  relative  position  of  the 
two  sets  of  groups  surrounding  the  asymmetric  carbon  atoms ;  but 
it  must  be  remembered  that  the  above  theoretical  results  would 
follaw,  if  either  or  both  carbon  atoms  revolved  on  a  vertical  axis 
into  any  other  position,  or  continued  permanently  in  a  state  of 
oscillation  or  rotation,  provided  the  relative  positions  of  the  members 
of  eadi  asymmetric  group  were  retained.  The  fixity,  or  otherwise, 
of  the  groups  is  a  question  which  will  be  discussed  later  (p.  138). 
'  The  conectness  of  the  explanation,  which  accounts  for  the  inactive  in- 
divisible type^  follows  from  the  researches  of  E.  Fischer,^  whohas  shown 
that  inactive  and  indivisible  mudc  acid,  OO^H .  (GH0H)4  •  CO^H, 
gives,  on  reduction,  galactonic  acid,  CHjOH .  (CH0H)4  •  OOgH.  The 
synunetry  of  the  molecule  is  thus  disturbed,  and  the  new  substance, 
which  now  belongs  to  the  divisible  inactive  type,  can  be  resolved 
into  its  active  enantiomorphs  (p.  74). 

The  number  of  examples  of  the  inactive  and  indivisible  or  meso 
type  is  not  very  large.  In  addition  to  mesotartaric  acid  and  mucic 
seid  abeady  mentioned,  erythritol  GHaOH  (GH0H)8  CH^OH  and 
dnleitol  CH^OH  (CHOH)4CH20H  belong  to  the  same  dass  of  inactive 
compounds,  as  well  as  the  dialkyl  derivatives  of  succinic  acid  and 
its  homologues  of  the  general  formula : 

ODOHv  yOOOH        OOOHv  yOOOH 

yoa .  CH<;^  \CH-(CH  j)h— CH^ 

>  Ber,,  1S92,  25,  1247,  ISCO. 
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The  following  few  examplea  afford  a  comparison  of  racemio  (r)  and 
meso  (i)  forms,  from  which  it  will  be  seen  that  the  differences  in 
physical  properties  are  in  the  majority  of  cases  well  marked:^ 


Substance. 

if.  P. 

D&tuity, 

Affiniiy  ecnttanL 

r. 

i. 

r. 

i. 

r. 

i. 

Tartaric  aeid 
Dimethyl  suooinio  acid 
Diethyl  sueoinic  aeid 
Diisopropyl  sacoiiiio  aoid 
Diphenyl  suooinic  acid 
Dimethyl  glutario  aoid 
Dimethyl  adipio  aoid 

204<> 

209 

192 

226 

229 

HQ   . 

140 

140** 
129 
129 
171 
188 
128 
75 

1.697 
1814 

1.666 
1.829 

0.097 

00191 

0.0848 

0.2255 

0.026 

0.0055 

0.0042 

0.06 

0.0128 

00245 

00108 

0.020 

0.0055 

0.0042 

Where  the  identity  of  the  racemic  compomid  has  not  been  directly 
ascertained  by  resolving  it  into  its  enantiomorphs,  the  division  into 
racemic  and  meso  is  determined  by  analogy  with  the  tartaric  acids, 
the  higher  melting-point  being  arbitrarily  assigned  to  the  racemic 
form.  It  is  not  by  any  means  certain  that  this  relation  always  holds, 
and  it  may  happen  that  a  reversal  of  melting-points  may  frequently 
occur.  In  the  above  table  the  racemic  form  has  been  ascertained  by 
direct  observation  only  in  the  case  of  tartaric  acid. 

Chemical  as  well  as  physical  differences  in  racemic  and  meso 
compounds  have  also  been  observed,  depending  on  solubility  and 
water  of  crystallization.  Whereas  the  calcium  salt  of  mesotartaric 
acid  crysfcallizes  with  three  molecules  of  water  C9LC^lB.fi^  +  8H2O, 
that  of  racemic  and  the  d-  and  {-acids  crystallize  with  four. 

Again,  mesotartaric  and  racemic  acid  crystallize  with  one  molecule 
of  water,  whereas  the  active  tartaric  acids  are  anhydrous.  Hydro- 
benzoin  GeHfi .  C(OH)  •  C(OH) .  C0H5  is  anhydrous,  whilst  isohydro* 
benzoin,  the  racemic  form,  may  contain  water  of  crystallization. 

Besdlution  of  SztemaUy  Compensated  Compounds.  The  best 
proof  of  the  existence  of  a  substance  (racemic  compound  or  mixture) 
which  is  inactive  by  external  compensation  is  its  separation  or  resolu- 
tion  into  active  enantiomorphs.  This  is  obviously  a  matter  of  some 
difficulty  owing  to  the  fact  that  stereoisomerism  is  only  manifested 
by  optical  and  occasionally  crystallographic  properties,  and  by  the 
relation  of  the  two  enantio^morphs  to  other  asymmetric  substances. 
In  all  other  respects  the  stereoisomers  are  identical.  The  three 
principal  methods  at  present  in'  use  for  resolving  externally  com- 
pensated compounds  were  suggested  and  developed  by  Pasteur. 

^  A  more  complete  list  will  be  found  in  Werner's  Lehrfmeh  dw  SUnockemU. 
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Baaolntkni  by  Crjvtalluatioii  in  EnaaticxBiOrplioiui  Forms. 
The  method  has  already  been  described  in  the  case  of  sodium 
ammonium  raeemate  (p.  62),  and  depends  on  the  deposition  of  the 
two  enantiomorphous  crystalline  forms  of  the  d-  and  ^tartrate8  from  i^ 
MdutioDy^  which  can  be  separated  mechanically.  The  process  has 
undergone  an  interesting  development.  Why,  it  may  be  asked, 
does  not  the  salt  of  the  original  raoemate  crystallize?  On  evapo- 
rsting  sointions  of  sodium  ammonium  racemate  St&del'  did,  in  &ct, 
obtain  ery^talft  of  the  original  racemate,  and  not  those  of  the  d-  and 
{-tartrates  as  Pasteur  had  done.  How  were  the  results  to  be  recon- 
ciled? Seacchi'  solved  the  problem  by  showing  that  the  formation 
of  the  one  or  other  kind  of  salt  is  dependent  on  the  temperature 
at  which  crystallization  occurs.  A  high  temperature  favomrs  the 
crystallization  of  the  racemate,  whilst  at  the  ordinary  temperature 
the  two  tartrates  are  chiefly  formed.  The  temperature  above  or 
below  which  the  transformation  occurs  was  found  by  Wyrouboff  *  to 
be  about  28^  Van 't  Hoff  and  van  Deventer '  have  since  shown  that 
^  iransUion  tenyperaturey  as  it  is  now  termed,  lies  between  26*7^  and 
27*7',  and  is  determined  by  the  loss  of  water  of  crystallization  from 
the  tartrates  and  their  conversion  into  the  racemate  according  to  the 
following  equation : 

2C40eH4NaNH4  +  4H2O  =  (C40oH4NaNH4)2 .  2H2O  +  6H2O. 

Above  the  transition  temperature  the  tartrates  lose  water  of  crystal- 
lization and  the  racemate  is  formed  ;  below  this  temperature  water  is 
absorbed  and  the  tartrates  are  produced.  The  transition  temperature 
has  since  been  studied  in  the  case  of  other  substances,^  and  great 
accuracy  has  been  introduced  into  the  observations  by  the  refined 
methods  of  van  't  Ho£F,  which  are  described  in  text-books  of  ph3rsical 
chemistry.  The  resolution  of  inactive  substances  by  crystallization 
in  this  way  has  had  only  a  limited  application,  owing  to  the  difficulty 
of  obtaining  well-crystallized  enantiomorphous  specimens  capable  of 
mechanical  separation.  It  has,  however,  been  used  by  Purdie''  to 
resolve  inactive  lactic  acid  by  means  of  the  zinc-ammonium  double 
salt,  by  Erlenmeyer  jun.'  to  separate  racemic  isohydrobenzoin,  and 
by  KOmer  and  Menozzi*  to  break  up  inactive  asparagine.  As  all 
the  substances  named  can  be  prepared  artificially  in  their  inactive 

^  Pasteur,  Ann.  Chim.  Phys.,  1848  (8),  24,  442 ;  1850,  28,  56. 

'  Ber^  1878, 11,  1752.  »  Bgnd.  Accad.  NapoU  (1865),  250. 

*  BiOL  See.  Ckim.,  1884,  41,  210 ;  1886,  45,  52 ;  Compt.  f^d.,  1886, 102,  G27. 
^  2m&  jiAys.  Ckmn.,  1887, 1,  165. 

*  Kenriek,  Bar.,  1897,  30,  1749.  ?  Trans.  Chem.  8oc.y  1898,  68,  1143. 
""  Ber^f  1897,  80, 1581.  •  G<m.  ehim.,  1887,  226. 
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formSy  their  resolution  into  active  constituents  can  be  effected  in  this 
way  spontaneously^  and  consequently  without  the  direct  intervention 
of  vital,  i  e.  asymmetrical,  influences,  a  view  which  is  contrary  to  that 
upheld  by  Pasteur. 

The  other  two  methods  of  Pasteur  are  based  on  the  different 
behaviour  of  the  two  enantiomorphs  under  what  may  be  tenned 
asynmietric  conditions. 

SaMlutioiL  bj  the  Biochemieal  Method.  Pasteur  (1860)  ob- 
served that  a  solution  of  ammonium  racemate  containing  a  little 
potassium  phosphate  becomes  laevo-rotatory  after  green  mould  {penir 
&Uikim  glaucum)  has  been  grown  in  it.  The  rotation  increased  slowly 
until  a  maximum  was  obtained,  when  no  more  d-tartrate  was  left  in 
solution.  In  other  words,  living  organisms,  which  Pasteur  regarded 
as  asymmetric  bodies,  have  the  property  of  adectwe  assimUatiotu 
The  observation  has  been  widely  applied,  and  many  of  the  lower 
vegetable  organisms — bacteria,  fungi,  and  yeasts — have  been  pressed 
into  the  service  of  the  chemist.  The  process  is  usually  conducted  as 
follows : — ^A  dilute  and  sterilized  solution  of  the  inactive  substance 
in  water  is  prepared,  to  which  small  quantities  of  nutrient  materials, 
such  as  phosphates  and  ammonium  salts,  are  added,  and  finally  a  pure 
culture  of  the  oiganism.  After  keeping  the  solution  at  a  suitable 
temperature  for  the  growth  of  the  organism,  a  portion  is  withdrawn 
from  time  to  time  and  examined  in  the  polarimeter  until  a  maximum 
rotation  is  reached. 

The  cm-ious  observation  has  been  made  by  P.  Frankland  and 
MacOregor,^  that^  although  fresh  cultures  of  bacQlus  ethaceUcus  act 
only  upon  the  dextro-salts  of  glyceric  acid,  they  can,  by  cultivation 
in  a  solution  of  calcium  glyoerate,  be  gradually  induced  to  assimilate 
the  laevo-enantiomorph  as  well,  but  this  is  an  exception  to  the  general 
rule.  The  different  kinds  of  organisms  which  have  been  used  for 
resolving  inactive  substances  in  the  manner  described  above  do  not 
always  assimilate  the  same  enantiomorph ;  on  the  contrary,  they 
show  the  greatest  diversity  in  their  tastes,  one  organism  attacking 
the  dextro-  and  another  the  laevo-enantiomorph  in  an  apparently 
arbitrary  manner.  The  loss  of  the  one  enantiomorph,  as  well  as  the 
usually  small  yield  of  active  material,  constitute  the  chief  disad- 
vantages of  the  process.  On  the  other  hand,  the  method  can  be 
applied  to  a  great  variety  of  compounds,  such  as  acids,  alcohols^  and 
sugars,  and  is  frequently  used  for  finding  if  an  inactive  substance  is 
capable  of  resolution.    Examples  of  its  application  are  very  numerous, 

1  Trans.  CSkem.  Soc,  1898,  08,  1084. 
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lialB  of  whieh  wiU  be  found  in  papers  by  Wintfaery'  McKenzie  and 
Hmrden,*  and  in  Wemfir^s  LeMmch  der  Stereochemiey  p.  68. 
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Baeeokic  acid 

penicUlium 

rf. 

sehizomyoetes 
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iMiieacid 

penidlliiun 

d. 

bacteria 

L 

lUndelie  acid 

penicUlium 

d. 

aspergiUiis  mucor 

/. 

yeast 

d. 

bacterium  termo 

L 

Bfjoeriemdd 

penicillium 

L 

bac.  ethaoeticus 

L 

Etboizy  saeeinic  aeid 

penicillium 

d. 

Meibyl  ethyl  earbinol 

penicillium 

d. 

Methyl  propyl  earbinol 

penicillium 

d. 

aspeiigillus  niger 

d. 

Phenyl  dlbromopropionic  acid 

aspergillus  ftimigatus 

L 

Amyl  alcohol 

fungus 

I. 

Propylene  glycol 

fungus 

d. 

bacterium  termo 

d. 

bacterium  from  cheese 

d. 

Glneoee^  mannoae,       ) 
galactoae  and  frnetoee  \ 

yeast 

d. 

The  power  of  selective  assimilation  by  living  organisms  finds 
a  parallel  in  the  different  physiologioal  action  of  enantiomorphs  on 
the  animal  body  and  of  the  animal  body  on  enantiomorphs.  For 
instance^  Piutti'  found  that  e^asparagine  has  a  sweet  taste,  whereas 
that  of  the  laevo-enantiomorph  is  insipid ;  ^nicotine,  according  to 
Fictet  and  Rotschy,^  is  tar  more  poisonous  than  the  ef-compound ; 
whilst  Chabri^'  showed  that  2-tartaric  acid,  when  administered  to 
guinea-pigs,  was  found  to  be  twice  as  poisonous  as  the  (i-acid.  The 
power  of  the  human  body  to  assimilate  and  excrete  certain  opticaUy 
aetive  substances  belongs  to  the  same  order  of  phenomena. 

Baaelutitfn.  bj  means  of  AotiTe  Substaaoes.  The  third  method 
of  Pasteur  ia  the  one  most  commonly  employed.  Pasteur*  found 
tiiat  when  racemic  acid  is  combined  with  the  active  (laevo)  base 
^^>B»ehonine  and  the  solution  left  to  crystallize,  the  cinchonine  salt  of 
I-tartaric  add  is  the  first  to  separate.  In  order  to  e]q>lain  the  fiict 
we  must  assume  that  if  sufficient  cinchonine  is  present  two  salts  are 
formed,  one  of  the  alkaloid  with  the  laevo-acid  and  the  other  with 


'  Ber,,  1S06,  S8,  8022. 
s  Btr.y  1S86,  le,  1691. 

*  Ompt  fWMi.,  1S93, 116,  1410. 

*  Aim.  CMm.  Pfty*.,  1868  (8),  88,  437  ;  CoimpL  rmd.^  1868, 37,  162 


*  Tram.  Chem.  8oe.^  1908,  88,  424. 
«  Ber.,  1904,  87,  1288. 
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d0xtro-acid«  If  we  denote  the  acid  by  A  and  the  base  by  B,  we 
obtain  the  following  two  combinations : — 

dA^lB,    lA^lB. 

The  two  compounds  are  not  enantiomorphs,  for  the  two  acids  of 
opposite  rotation  are  united  to  the  same  active  base.  They  con- 
sequently exhibit  different  properties,  more  especially  different  solu- 
bilities. It  is  thus  possible  to  resolve,  by  fractional  crystallization  of 
their  salts,  inactive  acids  (e.  g.  racemic  acid)  when  combined  with  the 
same  active  base  (e.g.  cinchonine),  or  inactive  bases  (ag.  conine) 
when  united  to  the  same  active  acid  (e.  g.  tartaric  acid).  There  are 
certain  practical  difficulties  connected  with  the  operation  which  are 
occasionally  encountered,  such  as  small  differences  in  the  solubility 
of  the  two  salts  or  lack  of  crystallizing  power.^  The  first  may  be 
overcome  by  substituting  an  active  reagent  of  higher  rotatory  power, 
which  usually  enhances  the  differences  in  physical  properties ;  the 
second  by  inoculating  the  solution  with  a  crystal  of  a  similarly  active 
salt,  so  as  to  induce  crystallization.  The  bases  commonly  used  are 
the  active  alkaloids,  quinine,  quinidine,  cinchonine,  cinchonidine, 
strychnine^  morphine,  and  brudne,  and  the  active  adds  tartaric, 
camphorsulphonic,  and  bromocamphorsulphonic  acid.  There  are 
some  acids,  like  the  amino  acids^  alanine,  leucine,  tyrosine,  Ac, 
which  are  too  weak  to  foim  stable  salts  with  the  alkaloids,  and 
cannot  therefore  be  submitted  to  the  process  of  fractional  crystalliza- 
tion. E.  Fischer*  found  a  simple  solution  of  the  difficulty  by  intro- 
ducing the  strongly  acid  radicals  benzoyl  or  formyl  into  the  amino 
group,  thereby  converting  a  weak  acid  into  a  strong  one.  The 
benzoyl  derivatives  readily  form  crystallizable  salts  with  the  alka* 
loids,  from  which,  after  resolution  into  their  enantiomorphs  in  the 
usual  way,  the  acyl  group  is  removed  by  hydrolysis. 

Seeent  Xethoda  of  Sasolutioii.  The  methods  of  Pasteur,  which 
depend  upon  the  differences  exhibited  by  the  components  of  an 
inactive  substance  under  the  influence  of  asymmetric  (physieal, 
chemical  or  biochemical)  reagents,  have  undeigone  expansion  in 
various  directions.  Among  the  physical  methods  is  that  of  Kipping 
and  Pope,'  who  cr3rstallized  sodium  ammonium  raoemate  from 
solutions  containing  i-glucose,  and  obtained  on  the  average  an 
excess  of  the  dextro-enantiomorph.  Attempts  to  induce  separation 
of  the  enantiomorphs  by  crystallization  in  a  strong  magnetic  field,  that 

1  Marekwald,  Ber.,  1896,  29,  42. 

*  Bcr.,  1899,  32,  2461,  8638 ;  1900,  33,  2870 ;  Ber.,  1905,  38,  8997. 

'  Pne.  Chem.  Soc.,  1898, 14, 118. 


KECENT  METHODS  OP  EESOLUTION  79 

18,  under  conditions  which  ordinarily  produce  rotatoiy  polarization 
in  inactive  materials,  were  made  by  Pasteur,  and  have  since  been 
rqwated,  but  without  success.  Chemical  methods  have  been  em- 
ployed by  E.  Fischer,  Walden  and  Harokwald,  and  M<^Kenzie.  Fischer^ 
examined  the  rate  of  hydrolysis  of  cane-sugar  by  d-  and  ^camphoric 
add  with  negative  results.  A  similar  process  has  been  studied  with 
mofie  success  by  Walden,'  andMarckwald  and  H^'Kenzie.^  The  method 
is  based  on  the  different  behaviour  of  the  two  enantiomorphs  of  an 
add  with  the  same  active  alcohol  or  of  an  alcohol  with  the  same 
active  add,  more  especially  in  the  effect  on  the  rate  of  hydrolysis 
and  esterification.  The  ester  of  the  one  combination  is  more  easily 
foimed  or  hydrolysed  than  the  other,  and  therefore  incomplete 
Ikydrolysis  or  esterification  of  the  inactive  material  leads  to  a  partial 
resolution  of  the  enantiomorphs.  If,  for  example,  inactive  mandelic 
sdd  is  incompletely  esterified  with,  ^-menthol,  the  dextro  acid  being 
more  rapidly  esterified,  the  unesterified  portion  is  laevo-rotatory. 
Erlenmeyer,  jun.,*  has  separated  isodiphenyl  hydroxyethylamin^ 

CeHfiCHCOH) 

I 
CeHftCH.NHa 

by  combining  it  with  active  helicin.  The  compounds  of  the 
fbnnula 

CeHfi .  CH(OH) .  CHCeHg .  N :  CHCcH^ .  OC0H11O5 

fomed  by  the  two  enantiomorphs  are  not  mirror-images,  and  can  be 
wparated  by  fractional  crystallization,  and  Neuberg '  has  succeeded 
Oi  lesolvingracemic  aiabinose  by  crystallizing  the  hydrazone  formed 
^viHi  ^menthylhydrazine.  In  this  case  nearly  pure  ri-arabinoee 
I'lnenthylhydrazone  crystallizes  from  the  alcoholic  solution. 

Among  the  methods  which  are  related  to  Pasteur's  biochemical 
method  are  the  hydrolytic  resolution  of  glucosides  by  enzymes 
Villain  and  maltase),  which  was  investigated  by  E.  Fischer,*  and  is 
^ied  more  fully  on  p.  846,  and  the  hydrolysis  of  the  esters  of  an 
ixttctive  acid  by  the  fat-splitting  enzyme  UpaeCf  which  was  studied  by 
I^don^  (p.  858).  Both  observers  found  that  the  enzymes  in  question 
exhibit  the  power  of  selective  hydrolysis.  Thus  Dakin  showed 
^t  the  partial  hydrolysis  of  the  inactive  esters  of  mandelic  acid 
limits  in  the  production  of  the  dextro-rotatory  free  acid  and 
a  laevo-rotatory  residue  of  unchanged  ester. 

*  Ber.,  1899,  83,  3617.  s  Ber,,  1899,  32,  2703. 

*  Ber.,  1899,  SS,  2180 ;  1901,  84,  469.      *  Ber.,  1908,  86,  976. 

'  Sbt.,  1908,  86, 1192.  •  ZeiL  physiol  Chcm.,  189S,  26,  61. 

*  JmTL  ofFh^.,  1908,  80,  258;  1906,  32, 199. 
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SalNrtanoes  which  hare  not  been  roflolrad.  Whilst  a  oertain 
number  of  inactiye  eztemally-oompensated  compounds  like  aspara- 
gine^  isohydrobenzoin,  and  certain  lactones  of  saccharic  acid  show  no 
tendency  to  form  racemic  compounds  and  separate  spontaneously  on 
crystallization  into  their  enantiomorphs,  and  others  again  can  be 
resolved  more  or  less  readily  by  the  methods  described,  there  still 
exists  a  large  class  of  substances  which  up  to  the  present  have  defied 
all  attempts  to  divide  them.  No  substance  containing  less  than  two 
carbon  atoms  united  to  an  asymmetric  carbon  atom  has  been  obtained 
in  an  active  form.*    Examples  of  such  compounds  are : 

Chlorobromomethane  sulphonic  acid   CHClBrSOsH 
Bromoglycollic  acid  CH(OH)BrCOOH 

Aldehyde  ammonia  CH(OH)NH2GH3 

Bromonitroethane  CHBrNOgCHs,  &c. 

According  to  Victor  Heyer  the  difficulty  of  resolving  them  is  to 
be  attributed  to  the  great  mobility  of  groups  in  these  simpler  mole- 
cular complexes  and  their  consequent  tendency  towards  intramole- 
cular change.  Another  class  of  compounds  which  has  not  yet  been 
resolved  has  already  been  mentioned,  namely,  the  synmietrical 
dialkyl  succinic  acids  and  their  homologues  (p.  74).  They  contain 
two  similar  asymmetric  carbon  atoms,  and,  like  racemic  and  meso- 
tartaric  acid,  exist  in  two  inactive  forms  possessing  different  physical 
properties.  One  of  the  isomers  should  be  separable  into  its  enantio- 
morphs,  but  so  far  this  has  not  been  accomplished. 


ktion.  In  the  foregoing  paragraphs  the  resolution  of 
inactive  substances  has  been  described.  The  reverse  process,  whereby 
an  active  substance  is  rendered  inactive,  is  firequently  observed  It  is 
termed  racemisatian^  and  is  brought  about  by  the  conversion  of  one 
half  of  the  active  material  into  its  enantiomorph.  That  the  change 
is  due  to  this  cause,  rather  than  to  the  formation  of  some  structurally 
different  and  inactive  compound,  has  been  shown  repeatedly  by 
resolving  the  product  of  racemisation  into  its  originally  active 
constituents. 

Racemisation  is  usually  effected  by  rise  of  temperature.  It  was 
first  observed  by  Pasteur'  who  obtained  both  racemic  and  mesotartaric 
acid  by  heating  cinchonine  d-tartrate  to  170^  Jungfleisch'  modi- 
fied and  improved  the  method,  heating  tartaric  acid  witti  ten  to 
fifteen  per  cent,  of  water  in  sealed  tubes  to  175^  for  several  hours 

^  See  van 't  Hoif' s  ArrmnffetwrU  ^ Atcms  in  Space,  trans,  by  Eiloart,  pi  25. 
*  Oompl,  r$nd.,  1868,  87,  162.  *  Butt.  wc.  chim.,  1872, 18,  201. 
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and  obtained  donsiderable  quantities  of  raoemic  and  mesotartaric 
acid.  The  same  process  has  been  found  to  bring  about  the  racemi- 
ntion  of  aspartio,  mandelic,  isopropylphenylglycollic,  and  camphoric 
add.  Active  pinene,  limonene  and  phelLmdrene,  active  amyl  alcohol, 
and  many  of  its  derivatives  are  rendered  inactive  by  heating.  Active 
lactic  add  is  converted  at  150°  into  inactive  lactide,  and  active  quinic 
add  into  inactive  quinide.  The  presence  of  foreign  substances  fre- 
qqently  produces  raoemisation.  ci*Tartaric  acid  is  easily  converted  into 
raeemie  and  mesotartaric  acid  when  boiled  with  a  concentrated  solu- 
tion  of  eauatic  soda.^  Caustic  potash  racemises  active  amyl  alcohol, 
lactic  acid,  mandelic  add,  and  amygdalin.  Active  leucine,  glutamic 
addy  and  pyrrolidine  carbozylic  acid,  when  heated  with  baryta  water, 
and  d-valeric  add,  limonene,  and  pulegone,  heated  in  presence  of  strong 
Biilphuric  acid,  lose  their  activity.  The  racemising  action  on  tartaric 
add  of  the  oxides  of  iron  and  aluminium  has  been  attributed  to  the 
catalytic  action  of  these  substances.'  Bacemisation  seems  to  occur 
more  readily  when  substances  are  in  the  act  of  formation  than  when 
already  formed.  That  proteins  when  heated  with  baryta  give 
inactive  tyrosine^  leucine,  and  glutamic  acid,  whereas  hydrochloric 
acid  produces  active  compounds,  may  be  ascribed  partly  to  the 
reagent  and  partly  to  the  action  on  the  nascent  compound.  In  this 
connection  the  racemising  of  a  substance  during  the  replacement 
(Kf  one  group  by  another,  as  Walden  observed  when  malic  acid 
IB  converted  into  bromosuccinic  add  (p.  70),  can  be  readily  under* 
stood.  The  temperature  of  racemisation  of  some  substances  is 
quite  low,  and  the  change  known  as  autoracemisaiion  has  even  been 
found  to  take  place  spontaneously  at  the  ordinary  temperature. 
Walden'  observed  a  gradually  decreasing  rotation  in  the  esters 
of  il-bromoeuccinic  acid  and  c^phenyl  bromacetic  acid  when  kept  for 
three  or  four  years.  During  this  period  a  £sw  of  the  substances 
were  completely  racemised. 

In  other  cases,  such  as  the  polyhydroxy-acids,  where  more  than 
two  asymmetric  carbon  atoms  are  present,  racemisation  on  heating 
with  water  is  never  complete,  but  only  a  single  asymmetric  group 
is  affected,  and  the  process  is  known  as  partial  racemisation^  The 
subject,  which  is  of  special  interest  in  relation  to  the  formation  of 
synthetic  sugars,  is  more  fully  discussed  on  p.  802. 

In  this  connection  it  is  interesting  to  learn  from  the  investiga- 
tions of  Winther  *  that  the  racemisation  of  active  tartaric  acid  by 

*  MeiflSDer,  B^.,  1897,  80,  1674. 

'  JangfluBeh,  CvmpL  rend.,  1877,  85,  805.  '  Ber.,  1898,  SI,  1416. 

*  For  examples  of  raoemiBation  see  Chr. Winther,  ZeiL  phyt.  Chem.,  1906, 68, 466. 

*  ZHL  pku9.  Cft«m.,  1906,  56,  466,  720. 
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the  action  of  alkalis  takes  place  in  two  stages ;  one  asymmetric 
carbon  is  first  affected  and  then  the  other,  in  other  words,  the 
change  is  from  the  active  acid  to  the  meso  form  and  from  the 
meso  to  the  racemic  compound,  a  condition  of  equilibrium  being 
finally  established  between  the  two  latter. 

The  mechanism  of  the  process  is  capable  of  various  interpretations. 
Van 't  Hoff  ^  points  out  that  in  the  conversion  of  one  stereoisomer 
into  the  other,  where  the  stability  is  slight,  equilibrium  will  be 
attained  when  the  inactive  mixture  is  formed  ;  for  it  follows  from 
the  complete  mechanical  symmetry  of  the  two  isomers  that  the 
tendency  to  conversion  is  equal  in  both,  and  consequently  the  one 
present  in  larger  quantity  will  always  be  converted  in  larger  quantity 
until  equal  quantities  of  each  are  present.  Werner'  has  suggested 
an  ingenious  mechanical  device  for  representing  the  phenomenon, 
which  disposes  of  certain  difficulties,  such  as  a  readjustment  of  the 
bonds,  or  the  actual  separation  of  the  groups  from  the  asymmetric 


carbon  during  the  rearrangement  He  constructs  a  model  consisting 
of  two  circular  wires  or  discs  soldered  at  right  angles  at  the  two 
ends  of  a  common  axis.  Four  differently  coloured  balls,  pierced  with 
holes^  slip  along  each  of  the  four  wire  semicircles  into  which  the 
model  is  divided,  and  are  retained  in  any  position  by  elastic  threads, 
which  attach  each  ball  to  the  centre  of  the  common  axis.  The  balls 
are  arranged  at  the  comers  of  an  imaginary  tetrahedron  a,  &,  c,  d, 
Fig.  9  (I).  Racemisation  is  supposed  to  be  effected  by  increasing  the 
amplitude  of  the  vibrations  of  each  ball,  that  is,  by  moving  it  farther 
on  each  side  of  its  original  position  along  the  wire  semicircle.  Each 
pair  of  balls  may  be  supposed  to  eventually  swing  so  far  that  at  one 
moment  they  lie  in  the  same  horizontal  plane,  Fig.  9  (II).  From  this 
p«»sition,  when  the  racemising  agent  is  removed,  the  balls  may  leturn 
to  their  original,  or  pass  over  into  opposite  hemispheres,  as  shown  in 
Fig.  9  (III).  As  there  is  an  equal  chance  of  both  changes  occurring,  an 
^  Jkr.,  1877, 10, 1620.  *  Werner's  StmoeKemie,  p.  48. 
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equal  number  of  molecules  of  both  kinds,  that  is,  equal  quantities  of 
the  two  enantiomorphs^  wi]l  be  formed.  That  the  second  arrange- 
ment 18  the  mirror-image  of  the  first  is  easily  demonstrated  by  turn- 
ing the  model  Fig.  9  (III)  upside  down  on  its  vertical  axis. 

Convgraion  of  Active  Compoiinda  into  AetiTe  DerivatiTea,  The 
possibility  of  converting  an  active  compound  into  an  active  derivative, 
provided  molecular  asymmetiy  is  maintained,  has  already  been 
advanced  in  support  of  the  present  theory  (p.  70).  The  activity  of 
the  derivative  is  not,  however,  a  necessary  consequence  of  the  change, 
seeing  that  racemisation  may  occur  during  the  process,  in  which 
case  an  inactive  derivative  results.  A  curious  phenomenon  which  has 
been  observed  in  connection  with  the  formation  of  active  derivatives 
has  at  present  received  no  satisfactory  explanation.  P.  Walden  ^ 
has  shown  that  certain  reagents  produce  derivatives  which,  although 
identical  in  structure,  differ  in  their  sign  of  rotation.  It  is  known  as 
cpticdl  inversion.  Phosphorus  pentacUoride  converts  {-malic  acid 
into  d-chlorosuccinic  acid,  and  d-malic  acid  into  {-chlorosuccinic 
acid.  Again,  by  replacing  chlorine  by  hydroxyl  in  {-chlorosuccinic 
add,  using  an  alkali  (potassium  hydroxide  or  ammonia)  as  the  reagent, 
(i-malic  acid  is  formed,  but  if  silver  oxide  or  water  is  employed  the 
laeid  is  obtained.  Walden  has  studied  the  action  of  a  variety  of 
metallic  oxides  in  the  same  way  and  has  shown  that  they  form 
a  aeries,  the  end  members  of  which  produce  diametrically  opposite 
effects  in  the  character  and  amount  of  rotation,  whilst  the  inter- 
mediate members  form  products  which  in  rotatory  sign  and  value  lie 
between  the  two  extremes.  The  hydroxides  of  rubidium,  potassium, 
ammonium,  copper,  cadmium,  barium,  lead,  and  sodium  cause  inver- 
sion in  the  sign,  whereas  those  of  silver,  thallium,  and  mercury 
produce  a  malic  acid  having  the  same  sign  as  the  original  chloro- 
snceinic  acid.  The  following  scheme  taken  from  Walden's  memoir 
shows  the  cycle  of  changes  described  above,  from  which  it  follows 
that  the  sign  of  rotation  of  the  active  chlorosuccinic  and  malic 
acids  may  be  interchanged  at  will. 

PCI5 


f-ehlorosoocinic  aeid.  z^  d-malie  aoid. 

I  KOH,  NH,  j 

(0  AgoO 

KOH,  NHs  ^ 


Ag,< 

I  Jkvjci,  nag  I 

t-malic  aeid.  — ^  ci-ehloroeuooinic  acid. 

POI5 


>  Ber.,  1895,  28,  276S;  1896,  29,  188;  1897,  80,  8151;  1899,  82,  1841.  See 
also  Tilden  and  Manhall,  Trans,  Chm.  8oe.,  1895,  07,  494 ;  £.  Fischer  and  Baake, 
Sir.,  1907,  40,  1051. 
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Purdie  and  Williamson^  havB  conreiied  in  the  same  way  I-ethyl 
lactate  by  means  of  phoephorus  chloride  into  (^chloropropionic  ester. 
In  this  connection  it  may  be  pointed  out  that  one  enantiomorph  may 
sometimes  be  converted  directly  into  the  other,  for  instance,  d*  into 
I-bomeol  by  heating,  and  ^  into  d-menthol  by  the  use  of  sulphuric 
acid.* 

JbTBunetvio  VynthesLk    It  was  foreseen  by  the  founders  of  the 
theory  that  asymmetric  substances  artificially  produced  from  inactive 
materials  would  prove  to  be  inactive.   For  it  is  clear  from  the  identity 
in  physical  and  chemical  properties  of  the  two  enantiomorphs  that 
there  is  no  reason  why  a  larger  number  of  the  one  kind  of  molecules 
should  be  produced  than  of  the  other.    This  applies  to  the  fonnatioQ 
of  an  asymmetric  carbon  compound  from  a  symmetric  one,  like 
bromopropionic  acid  from  propionic  acid,  by  substitution,  or  mandelic 
nitrile  from  benzaldehyde,  by  addition.     It  applies  equally  to  the 
conversion  of  one  asymmetric  compound  into  another,  such  as  inactive 
bromopropionic  acid  into  lactic  acid.     Supposing,  however,  a  new 
asymmetric  carbon  atom  to  be  introduced  into  a  compound  which  is 
already  optically  active,  the  question  assumes  another  form.     The 
new  substance  will  be  formed  under  asymmetric  conditions,  affording 
therefore  the  possibility  of  a  product  containing  unequal  quantities  of 
the  enantiomorphs  relative  to  the  new  asymmetric  carbon.   £.  Fischer 
was  the  first  to  show  that  this  occurs  in  the  formation  of  the  synthetic 
sugars.  For  example,  ci-glucose  forms  two  cyanhydrins  in  very  unequal 
quantities,  whilst  d-mannose  yields  only  one  of  the  two  possible 
derivatives.* 

Attempts  were  made  by  Cohen  and  Whiteley  *  to  produce  an  active 
substance  under  asymmetric  conditions  by  reducing  the  pyruvic  and 
o-methyl  cinnamic  esters  of  2-menthol. 

CHg .  CO .  COOCioHig  -►  CH3 .  CH(OH)  .  COOCioHia 
CeHftCH :  qCH J .  COOCioH„  -^  CeH^CH, .  CH(CHa) .  COOCjoHi, 

It  was  anticipated  that  on  hydrolysis  the  product  would  be  active, 
but  only  negative  results  were  obtained.  M^^Kenzie  *  was  more  success- 
ful and  obtained  from  the  menthyl  ester  of  benzoyl  formic  acid  by 
reduction,  the  ester  of  active  mandelic  acid,  and  from  pyruvic  ester, 
active  lactic  acid.  He  also  succeeded  in  converting  menthyl  benzoyl 
formate  by  Grignard*s  method  into  the  ester  of  phenyl  methyl 

1  Trans,  Chsm.  Soc.,  189S,  SO,  829.  *  Beokmann,  AnnnUn^  1889.  260,  822. 

*  Hartmann,  AnnaUn,  1892,  272,  190.       *  Tran$.  aum.Soe,,  1901,  79^  1305. 

*  Tram.  OUm,  Soc,  1904,  86,  1249. 
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SlyeolliG  add,  GeH^ .  C{CH^OB).  OOOH,  which  gave  an  active  acid 
on  hydrolyaifl. 

Tiafmiilr  Compoiiiida  and  Xixtnrefl.  It  has  already  been  stated 
(p.  70)  that  there  are  two  classes  of  inactive  substances  which  can 
be  resolved  into  their  enantiomorphs,  and  which,  in  the  solid  form 
at  least,  present  considerable  differences  in  their  properties.  They 
are  known  as  racemic  compounds  (r)  and  mixtures  (dQ.  They 
nsoally  differ  in  crystal  form,  in  the  amount  of  water  of  crystalliza* 
tion,  in  density,  solubility,  and  melting*point.  The  best-known 
example  is  racemic  acid,  and  the  active  tartaric  acids  and  their  salts. 
Titu^ttimu>t  add  and  the  racemates  crystallise  in  holohedral  forms,  the 
tartrales  form  hemihedral  crjrstals.  Racemic  acid  contains  one 
molecule  of  water  of  crystalliiation ;  the  active  tartaric  adds  are 
anhydrous.  The  solubility  of  racemic  acid  in  water  is  greater  than 
that  of  the  tartaric  adds. 

As  a  rule  the  racemic  compounds  are  less  soluble^  but  it  is  not 
invuiably  so.  rMandelic  add  is  more  soluble  than  the  active  forms. 
The  following  are  the  melting-points  and  dendties  of  some  active 
and  racemic  types : 


A 

m.  p. 

dL 

r. 

dL 

r. 

lUUoacid 
TarUurioacid 
Chloromioeinie  aoid 
ICandeUc  acid 
Gamphorio  acid 

1.595 
1.754 
1.687 
1.841 
1486 

1601 
1*666 
1.679 
1.800 
1.228 

100** 

170 

176 

180 

187 

ISO-lSl"" 

140 
168>154 
118-119 
202-208 

The  evidence  afforded  by  molecular  weight  determinations,  both 
by  the  vapour-dendty  and  cryoecopic  methods,  as  wdl  as  that 
derived  from  conductivity  determinations,  points  to  dissodation 
more  or  less  complete  of  the  racemic  form  into  the  inactive  mixture 
on  vaporisation  or  solution. 

The  criteria  for  distinguishing  the  two  classes  of  compoimds  have 
been  set  forth  in  a  very  comprehendve  manner  by  Bakhuis  Booze- 
boom,^  based  on  the  phase  rule.  They  are  limited  to  the  substances 
in  the  solid  state,  for  there  are  no  means  at  present  available  for 
distinguishing  between  inactive  and  racemic  liquids.  One  method 
of  Boozeboom  consists  in  determining  the  melting-point  of  the  sub- 
stance iindtf  examination,  and  then  adding  a  small  quantity  of  one 

*  Zeit  jiftys.  CJWm.,  1899,  G8,  494 ;  see  alao  2%e  Phaae  RuU,  p.  214,  by  A.  Findlay, 
LoiigiDan%  1904. 
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or  other  of  the  enantiomorphs.     If  a  mixture  is  present,  the  melting^-- 
point  will  be  raised  ;  if  the  substance  is  racemic  it  will  be  lowered. 
This  result  will  be  clear  from  the  following  considerations. 

The  melting-point  curve  of  the  mixture  of  two  enantiomorphs 
will  be  represented  by  a  descending  and  ascending  curve ;  for  as 
the  two  substances  do  not  combine,  although  they  possess  the  same 
melting-point,  they  may  be  regarded  as  distinct  individuals,  and 
consequently  the  addition  of  successive  small  quantities  of  the  one 
enantiomorph  will  lower  the  melting-point  of  the  other  until  an 
equal  quantity  of  each  is  present.  When  the  quantity  of  the  second 
enantiomorph  exceeds  that  of  the  first,  the  reverse  change  will  occur 
and  the  melting-point  will  rise  until  the  original  melting-point  is 
reached.  If  the  quantities  of  laevo  and  dextro  compounds  be  marked 
off  on  the  horizontal  Id,  and  the  melting-points  of  the  mixtures  on 
the  verticals  la  and  db,  the  curve  will  follow  the  lines  ac,  cb,  the 
minimum  c  representing  equal  quantities  of  the  two  enantiomorphs, 
that  is,  the  inactive  mixture. 


I  d 

It  therefore  follows  that  the  addition  of  one  or  other  enantiomorph 
to  the  inactive  mixture  will  raise  the  melting-point. 

In  the  case  of  a  racemic  compound,  the  addition  of  either  enantio- 
morph will  produce  melting-point  curves  of  the  following  character : 


For  there  are  three  individuals  concerned,  the  dextro  and  laevo 
enantiomorphs  which  possess  the  same,  and  the  racemic  compound 
which  has  usually  a  different  (higher  or  lower)  melting-point.  The 
curve  may,  therefore,  be  divided  into  two  parts,  each  of  which  may  be 
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eompared  to  the  previoufl  ease  of  a  simple  mixture  of  two  substances. 
If  a  lepiesents  the  melting-point  of  the  pure  laero  compound,  and 
e  that  of  the  mcemic  compound,  and  the  percentages  of  the  two  be 
marked  off  on  the  horizontal  Id,  the  curve  will  lie  along  ag,  gc. 
The  second  half  will  be  the  counterpart  of  the  first.  By  the  addition 
of  either  enantiomorph  to  a  racemio  compound,  the  melting-point 
win  consequently  be  lowered. 

It  is  conceivable  that  the  two  enantiomorphs  form  neither  a 
mixture  nor  a  molecular  complex,  but  are  isomorphous  and  form 
mixed  crystals.  The  effect  on  the  melting-point  produced  by  the 
addition  of  either  enantiomorph  will  depend  upon  the  composition 
of  the  mixed  crystals  which  separate  from  the  fused  mass.  If  the 
ciystals  possess  the  same  composition  as  the  liquid  mixture,  the 
curre  will  be  a  horizontal  line,  and  the  addition  of  either  enantio- 
morph will  cause  no  change  in  the  melting-point ;  otherwise  it  may 
produce  a  depression  or  rise,  according  to  whether,  on  the  addition 
of  the  active  substance,  the  mixed  crystals  which  separate  from  a 
mixture  of  the  two  enantiomorphs  have  a  higher  or  lower  melting- 
point  than  either  constituent. 

Aaecond  method  proposed  by  Boozeboom  for  determining  the  char- 
acter of  the  two  classes  of  inactive  substances  is  based  on  solubility. 
'^  saturated  solution  and  the  inactive  material  in  contact  with  it 
ai«  in  equilibrium  at  constant  temperature.  If  the  inactive  substance 
^  a  mixture,  the  addition  of  either  enantiomorph  will  not  affect  the 
number  of  phases,  and  no  change  in  solubility  will  occur.  If  the 
uuMstive  material  is  a  racemic  compound,  the  addition  of  one  of  the 
enantiomorphs  will  introduce  a  new  solid  phase,  and  an  alteration 
m  the  concentration  of  the  solution  will  result  This  method  may 
^  combined  with  the  use  of  the  polarimeter.  In  the  first  case  there 
is  no  change  in  the  solution  and  it  will  remain  inactive,  in  the  second 
<^ase  the  solution  will  contain  a  certain  amount  of  active  substance 
^hich  will  be  revealed  by  the  polarimeter.^ 

Partlailly  Saeemio  Compounds.  In  addition  to  racemic  com- 
pounds which  are  formed  by  the  union  of  optical  enantiomorphs, 
other  active  substances  which  are  not  structurally  related  may  also 
crystallize  together  in  the  form  of  double  salts.  The  phenomenon 
was  first  observed  by  Pasteur,  who  obtained  crystals  of  the  ammonium 
Bait  of  d-tartaric  acid  in  combination  with  an  equimolecular  propor- 
tion of  the  acid  ammonium  salt  of  {-malic  acid.  Another  form  of 
combination  to  which  Ladenburg'  has  given  the  name  of  Fartially 

>  See  Findlay's  Phone  RvU,  p.  278. 

*  JBdr.,  1808,  81,  624.  987, 1969 ;  1899,  89,  50. 
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Bacemic  Qmyxmnds  has  been  observed  in  the  case  of  pyrotarirate 
of  quinine,  which  forms  three  series  of  salts,  from  one  of  which  the 
d-acid,  from  a  second  the  2-acid,  and  from  the  third  the  inactive  acid 
was  separated.  The  quinine  in  the  third  ease  must  therefore  have 
combined  with  the  unresolved  racemio  acid.  Another  partially 
racemio  salt  with  an  inactive  base  was  prepared  hj  Pope^  from 
r-tetrahydropapaverine  and  d-tai-taric  aeid. 

The  Xfumber  of  Steraoisomers.  The  number  of  possible  stereo- 
isomers increases  with  that  of  the  asymmetric  carbon  atoms.  *We 
have  seen  that  if  one  asymmetric  carbon  atom  is  present,  two  stereo- 
isomers exist ;  if  there  is  a  second  asymmetric  carbon  atom  which  is 
structurally  dissimilar  from  the  first,  four  stereoisomers  are  possible. 
Denoting  the  asymmetric  carbon  atoms  by  A  and  B,  and  the  rotation 
by  +  and  —  ^  the  following  four  combinations  may  be  formed : 

1,   +A  2.   +A  8.   -A  4.   -A 

+  B  -B  +B  -B 

of  which  1,  4  and  2,  8  are  enantimorphous  pairs.  The  trihydrox3ralde- 
hydes  (erythroses)  furnish  an  example,  although  only  three  out  of  the 
possible  four  are  actually  known, 

CHO .  CH(OH) .  CH(OH) .  CHjjOH. 

With  three  asymmetric  carbon  atoms  A,  B,  C,  eight  stereoisoniers 
are  possible,  which  may  be  derived  from  the  above  four  by  adding 
+  C  and  -  C  alternately  to  each  member. 

1. 


5. 


+  A 

2.  +A 

8.   +A 

4.   +A 

+  B 

+  B 

-B 

-B 

+  C 

-C 

+  C 

-0 

-A 

6.   -A 

7.   -A 

a  -A 

+  B 

+  B 

-B 

-B 

+  0 

-C 

+  C 

-c. 

The  enantiomoiphous  pairs  in  this  case  are  evidently  1,  8 ;  2,  7 ; 
8,  6 ;  4,  5. 

With  four  asymmetric  carbon  atoms  A,  B,  0,  D  the  number  of  stereo- 
isomers is  increased  to  sixteen,  for  each  of  the  foregoing  yields  two 
derivatives  by  adding  +  D  and  -  D,  as  follows : 


A    + 

+ 

+ 

+ 

+ 

+ 

+ 

B     + 

+ 

+ 

+ 

— 

— 

— 

C     + 

+ 

— 

— 

+ 

+ 

— 

D    + 

— 

+ 

— 

+ 

— 

+ 

1 

2 

8 

4 

5 

6 

7 

8 


>  IVatM.  Oern.  Boe.,  1898,  73,  902. 
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A    - 

— 

— 

— 

— 

— 

— 

— 

B    + 

+ 

+ 

+ 

— 

— 

— 

— 

C     + 

+ 

— 

— 

+ 

+ 

— 

— 

D    + 

— 

+ 

— 

+ 

— 

+ 

— 

9 

10 

11 

12 

13 

14 

15 

16 

Thus  the  number  of  stereoisomers,  in  which  n  represents  that 
of  the  asymmetric  carbon  atoms,  is  given  by  the  expression  2". 
Examples  4>f  stereoisomers  with  three  and  four  carbon  atoms  are 
giyen  in  the  chapter  on  sugars  (p.  816),  where  the  method  of  deter- 
miniug  their  configuration  is  also  discussed. 

If  the  asymmetric  carbon  atoms  are  not  structurally  distinct,  as 
in  the  ease  of  tartaric  acid  (p.  71),  the  aboTe  expression  must  be 
modified,  for  the  inactive  indivisible  type  is  introduced  and  the 
number  of  active  forms  is  consequently  fewer.  Thus,  if  A  and  A 
represent  two  similar  asymmetric  carbon  atoms,  the  following 
combinations  may  occur : 

1.  +A  2.  +A  8.  -A  4.  -A 

4A  —A  +A  -A 

It  is  obvious  from  what  has  been  previously  explained  that  2  and 
3  are  identical  and  correspond  to  the  meso  type  (p.  71).  Thus, 
instead  of  four,  the  number  of  stereoisomers  is  reduced  to  three,  namely, 
two  active  and  one  inactive,  by  internal  compensation. 


FsendiMuqrmmetry.  If  there  are  two  similar  asymmetric  carbon 
atoms  attached  to  a  central  carbon,  which,  in  addition,  binds  two 
different  groups  as  in  trihydroxyglutaric  acid, 

COOH .  CH(OH) .  CH(OH) .  CH(OH) .  COOH 

the  problem  becomes  more  involved.  If  A  and  B  represent  as  before 
the  asymmetric  carbon  atoms  and  C  the  central  carbon  atom,  the 
following  combinations  are  possible.  Let  us  assume,  in  the  first  place, 
that  the  end  groups  A  and  A  have  the  same  configuration,  that  is,  are 
both  -f  or  both  —  ;  they  are  identical,  and  the  central  carbon  C 
possesses  no  asymmetry.  Suppose,  however,  that  the  end  groups 
have  a  different  sign,  two  things  happen ;  the  activity  of  the  end  carbon 
groups  is  neutralized,  but,  at  the  same  time,  the  central  carbon  atom 
becomes  asymmetric  and  can  exist  in  enantiomorphous  forms.  Four 
stereoisomers  are  thus  possible,  two  active  and  two  inactive^  belonging 
to  the  meso  type.    They  may  be  denoted  by  the  following  scheme, 
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in  which  O  stands  for  absence  of  central  asymmetry,  and  4-  C,  —  C 
for  enantiomorphous  configuration  of  the  central  carbon : 

1.  +A  2.  -A  8.  +A  4.  +A 

O  o  +0  -C 

+  A  -A  -A  -A 

Experiment  in  the  case  of  the  trihydrozyglutaric  acids  supports 
this  conclusion,  for  there  are  four  stereoisomers,  namely,  two  active 
and  two  inactive,  which  will  probably  have  the  following  configura** 
tions: 

COOH  COOH  (X)OH  COOH 


OH- 

OH- 

H- 


-H 


H 
H- 


■OH       OH- 


OH 


OH       OH- 


H 


COOH  COOH 

m.  p.  127*  m.  ji.  127* 

d-  and  l-TrihydroxjgluUric  acids. 


■OH       H- 


-H 


H 


OH       H- 


-OH 


OH 
OH 


COOH  COOH 

m.  p,  152»  m.  p.  170-171' 

t-Trihjdrozyglutario  acids. 


The  case  is  a  curious  one,  for,  although  the  central  atom  C  in  the 
two  inactive  forms  has  no  effect  on  the  sign  of  rotation,  it  produces, 
by  virtue  of  the  difference  in  configuration,  a  change  in  the  properties. 
This  form  of  asymmetry  is  known  as  pseudtHisymmetry. 

Stereoisomers  with  two  pairs   of  Asymmetrio  Carbons.    If 

the  two  end  and  two  central  carbon  atoms  of  an  open  chain  form  two 
pairs  of  structurally  similar  asymmetric  groups,  A  and  B,  as  in  the 
saccharic  acids, 

COOH .  CH(OH) .  CH(OH) .  CH(OH) .  CH(OH)  .  COOH 
ABBA 

the  number  of  isomers  is  no  longer  represented  by  the  expression  2*, 
which  would  give  sixteen  in  the  present  case,  but  is  reduced  to  ten.  For 
when  A,  A  and  B,  B  have  opposite  signs  inactive  forms  are  produced 
of  the  meso  type,  which  reduces  the  number  by  two,  whilst  each  outer 
or  inner  pair  may  separately  form  a  neutral  group,  which  reduces  it 
by  four  more.  In  the  scheme  on  pp.  88,  89,  configurations  4, 18  and 
6,  11  become  meso  forms  and  represent  two  stereoisomers,  whilst 
2,  9 ;  8,  14  ;  6,  12 ;  8,  16  contain  one  neutral  group  and  represent 
four  instead  of  four  pairs  of  stereobomers. 

A^niimetrio  Carbon  in  Qyolio  Compounds.   The  optical  activity 
of  cyclic  compounds  has  been  traced  to  the  same  cause  as  that  whid> 
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detennines  the  Totation  of  open  chain  compounds,  namely,  the  presence 
of  an  asymmetric  carbon  atom.  The  asymmetric  carbon  may  form 
part  of  the  ring^  as  in  camphoric  acid,  or  be  present  in  the  side^ain 
as  in  hydrobenzoin. 

CH, 

I 
CH, O COOH  C,Hj.CH(OH) 

I 

CHj CH COOH  CflHj .  CH(0H) 

Camphoric  acid.  Hydrobenzoin. 

Stereoisomerism  is  manifested  in  the  same  manner  as  in  open  chain 
eomponnda^  the  only  difference  lying  in  the  unusually  larger  rotation 
caused  hy  the  cyclic  formation.  If  one  asymmetric  carbon  atom  is 
present  as  in  conine,  two  optical  enantiomorphs  exist. 

CH, 
HjCj^jCH, 

1  •  Cxi, .  CH,  •  CHj 
NH 

Conine. 

If  two  structurally  different  asymmetric  carbon  atoms  are  present, 
I  as  in  camphoric  acids,  two  pairs  of  enantiomorphs  (d?-camphoric  and 
ff  dif-isocamphoric  acid  (p.  516))  are  produced.  If  the  two  asymmetric 
carbon  atoms  are  structurally  similar  two  active  forms  (cS-isohydro- 
benzoin)  and  one  meso  form  (hydrobenzoin)  can  exist.  The  case  is 
in  fact  precisely  analogous  to  that  of  the  tartaric  acids.  The  sym- 
metrical dialkyl  succinic  acids  which  exist  in  two  inactive  (racemic 
f  and  meso)  forms  (p.  74)  find  a  counterpart  in  the  hexahydrophthalie 
f^  acids  (see  p.  182).  But,  unlike  the  alkyl  succinic  acids,  the  racemic 
form  of  hexahydrophthalie  acid  ^  has  been  resolved  into  its  enantio- 
morphs. 
j  For  simplicity  the  two  enantiomorphs  and  the  meso  form  of 
J  heiuhydrophthalic  acid  are  represented  by  hexagons,  which  must 
\:^  be  viewed  as  if  in  perspective,  that  is,  in  a  plane  at  right  angles  to 
J  that  of  the  paper.  The  angles  are  occupied  by  the  carbon  atoms 
(omitted),  to  each  of  which  two  bonds  are  attached  at  right  angles 
to  the  hexagonal  surface. 

^  .'  ^  Werner  and  Conrad,  £^.,  1899,  82,  804^. 
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H 


H 


COOH    H 


H 


H 


H 


COOH  HOOCr 

d-  and  ^Hexahydrophthalic  acids. 
H     H 


COOH 

t  Hezahydrophthalie  acid. 

Ps^ndoHiymmetry  in  Cyelie  Companndfl.  A  curious  example  of 
an  inactive  indivisible  type  is  afforded  by  the  diketohexameth  jlene 
derivatives  and  the  diketopiperazines  of  the  following  formulae  ^ : 


H 


CH, 


I    X3H,— (XK    I 


H 


,NE— CO 


CH, 


H 


w  I 


I 


Dimethyl  diketocyelohexane. 


CH3 

Dimethyl  diketopiperazine. 


They  possess  the  general  structure : 


I 


\y-x/  I 


■x/  I 

a 

Now  such  a  compound  contains  two  structurally  similar  asymmetric 
carbon  atoms,  and,  although  strictly  without  any  plane  of  symmetry, 
its  reflected  image  is  identical  with  it  Yet  it  does  not  accord 
with  the  meso  type,  since  the  two  halves  divided  by  the  dotted 
line  do  not  stand  in  the  relation  of  object  and  image.  ' 

Attention  was  first  drawn  to  the  exceptional  character  of  this 
configuration  by  Ladenbuiig,*  who  called  the  plane  of  symmetry 
pseuda-symmeirioalj  or,  according  to  Oroth,  compound  sjfmmetricdL 
It  divides  the  compound  into  halves,  which  become  object  and 
image  when  one  half  is  revolved  through  180^     Compounds  which 

*  The  ring  and  the  attached  groups  are  assumed  to  be  in  planet  at  right  angles 
to  one  another,  as  prevSoosIy  ezpUined. 
'  fi»r.,  189o,  as,  19M. 
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exhibit  peeudo-symmetry  in  struoture  represent  an*  inactive  indi* 
Tiaible  t7i>e. 

PMiido-fwyiBSMtzy  in  C^jrolio  Compoiuidfl*  Pseudo-asymmetrj 
of  the  character  of  the  trihydroxyglutaric  acids  (p.  89)  is  afforded 
by  cyclopropane  derivatives  of  the  general  formula: 

Cab 

abC^^— ^Cac 

U  may  stand  for  the  following  configurations,  in  which  the  carbon 
ttoms  of  the  ring  are  represented  as  situated  at  the  corners  of 
a  triangle  lying  at  right  angles  to  the  plane  of  the  paper : 

b  b 

•   /k 
/  a 


'A<    *A' 


a 


a 


\ 


a  /, 
/  a 


a 


12  8  4 

Kodels  illustrating  these  configurations  may  be  easily  constructed 
oat  of  triangles  of  cardboard  by  thrusting  pins  through  the  corners. 
The  head  and  point  of  the  pin  may  stand  for  a,  b,  whilst  c  may 
be  indicated  by  touching  one  point  with  coloured  sealing-wax. 
Other  cyclic  configurations  can  be  made  in  the  same  way  from 
squares,  pentagons,  &c,  of  cardboard. 

The  first  two  of  the  above  figures  correspond  to  inactive  meso 
compounds ;  the  last  two  are  optical  enantiomorphs.  The  reasoning 
is  the  same  as  that  which  accounts  for  the  existence  of  four 
trihydroxyglutaric  acids.  An  example  of  this  kind  of  isomerism 
is  formshed  by  the  three  inactive  2  •  5-dimethyIcyclopentane  1-carb- 
oxylie  acids  of  J.  Wislicenus,^  which  probably  represent  one  racemic 
and  two  meso  forms.  Another  curious  example  of  stereoisomerism 
referred  to  by  Werner  *  is  furnished  by  a  cyclobutane  ring  of  the 
following  types: 

b  b  b 


'  Ber.,  1901,  84,  2672. 


*  Wemer^a  Lehrbuch  dcr  SUrtochtmie. 
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The  cyclic  carbon  atoms  2  and  4  are  asymmetrical  per  se ;  3  is 
symmetrical  though  structurally  identical  with  2  and  4.  It  foUoivs 
from  what  has  been  stated  above  that  1  and  3  are  pseudo-asymmetric, 
that  is  to  say,  it  is  a  case  of  a  double  trihydrozyglutaric  acid,  and 
there  may  consequently  exist  four  inactive  meso  compounds  by 
interchanging  separately  a  and  c  and  b  and  c  in  I,  and  also  t^vo 
racemic  compounds  derived  from  II  and  III  by  interchanging  one 
of  the  groups  a,  c  or  b,  c. 

Optical  Activity  with  Pseudo-asymmetry.  Finally,  a  form  of 
pseudo-asymmetry  causing  optical  activity  has  been  pointed  out  by 
van't  Hoff  in  the  case  of  the  inositols.  Ordinary  inositol  from 
beans  and  flesh  is  a  meso  compound,  and,  therefore,  has  a  symmetrical 
configuration  of  either  of  the  following  forms  : 

H      H  OH  oa 


A 


OH    OH 


\ 


H 


OH 


■oh  oh' 


OH 


OH 


There  are  in  addition  d-  and  2-inositoI  (a)]>— ±66°  obtained  by 
Maquenae'  from  pinite  (methyl  <2-inositol)  and  quebrachite  (methyl 
{-inositol)  to  which  yan  't  HofF  attaches  the  following  space  formulae, 
corresponding  to  a  non-superposable  object  and  image : 

H    OH  lOH 


OH 


H 


/•oh  h\ 


'H    OH 


H 


OH 


OH 


The  relation  of  cyclic  compounds  to  what  is  known  as  ^geo- 
metrical' or  'cis-trans'  isomerism  is  discussed  in  a  later  chapter 
(p.  125). 

Activity  of  Benaene  Derivatives.  The  question  as  to  whether 
the  unreduced  benzene  molecule,  without  asymmetric  carbon  in  the 
side-chain,  could  under  any  conditions  be  rendered  asynmietric,  and 
consequently  optically  active,  has  frequently  been  the  subject  of 
experimental  investigation.     Le  Bel*  attempted  to  resolve  o-tolui- 

^  ^nn.  Cfttm.  Phn-,  1891  (6),  22,  264 ;  Oompt  nnd.,  1889, 100,  812. 
*  Bull  Soe.  Omm.,  1882  (2),  38,  98. 
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dine ;  Lewkowitsch^  has  done  the  same  with  m-homoBalicylic  acid, 

CeH3{CH3KCOOH)OH 

12  8 

and  o-hoxno-m-hydroxybenzoic  acid, 

C.H3(OHXCHJ(0OOH) 

12  8 

whilst  y.  Meyer  and  LQhn'  haye  employed  nitro-  and  aldehydo- 
thymotic  acids  for  the  purpose. 

CeH .  OH .  CX)OH .  CHj .  CsH^ .  NO, 
CeH .  OH .  COOH .  CHj .  CaH^ .  OHO 

In  no  single  case  was  the  attempt  succeasfuL  It  may  be  further 
added  that  no  simple  benzene  derivative  showing  optical  activity  has 
been  foand  among  the  many  products  of  this  class  elaborated  by 
living  matter. 

MvmmcBl  Kelation  of  Sotatory  Power  to  Stmetnre.  In 
passing  from  the  qualitative  to  the  quantitative  character  of  rotatory 
power  it  is  necessary  to  consider  first  the  conditions  under  which 
a  comparison  between  the  rotation  of  compounds  may  be  instituted 
and  the  kind  of  errors  which  may  arise.  The  usual  method  for 
determining  rotation  is  to  place  the  substance,  if  liquid,  in  the 
polarimeter  tube  at  a  given  temperature  or  series  of  temperatures, 
and  to  read  off  the  amount  of  deviation.     From  the  data  so  obtained 

the  specific  rotation*  is  computed  according  to  the  formula  [a]o  «=  -^ — -  • 

In  following  this  plan  it  should  be  remembered  that  some  liquids, 
like  alcohol,  acetic  acid,  acetonitrile,  acetone,  &c.,  are  bimolecular  in 
the  liquid  state,  and  it  is  therefore  necessary  to  determine  the 
molecular  complexity  or  degree  of  association  of  the  substance 
beforehand.  In  comparing  a  series  of  related  substances  it  may, 
however,  be  assumed  that  under  similar  conditions  the  molecular 
complexity  is  the  same,  and  also  that  the  larger  molecular  complexes 
are  less  disposed  to  associate  than  the  simpler  organic  compounds. 
In  examining  a  solid,  which  cannot  conveniently  be  fused,  a  solvent 
is  required,  and  the  solvent  may  seriously  affect  the  rotation. 

>  IWuM.  aum.  Soc,  1888,  63,  781 ;  B^r.,  1888, 16,  1576. 

>  B$r^  1896,  88,  2796. 

'  a  it  the  obnerved  rotation,  I  the  length  of  the  oolnmn  of  liquid  in  dooimetren, 
and  d  the  density,  or,  iu  other  words,  the  speeiftc  rotation  is  the  deviation  pro- 
duced by  1  gram  of  actire  substance  in  1  cubic  centimetre  viewed  through  a 
column  1  decimetre  in  length  illuminated  with  the  sodium  flame.  The  molecular 
rotation  is  determined  fi^»m  the  specific  rotation  by  multiplying  by  the  mole- 

WdM 
cular  weight  and  dividing  by  100  or  [H]d  •  • 
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We  will  consider  first  the  simpler  case,  in  which  a  solvent  is 
unnecessary,  and  where  the  liquid  or  fused  substance  is  directly 
examined. 

Activity  of  Komologoiui  Series,  The  effect  of  the  active  radical 
in  a  homologous  series  seems,  as  a  rule,  to  be  influenced  by  the  first 
term  or  terms,  and  then  to  remain  nearly  constant  in  the  succeeding 
members ;  in  other  words,  the  active  group  is  chiefly  affected  by  the 
group  in  its  proximity.  Tschugaeff  ^  has  made  the  following  aeries 
of  observations : 

Menthol  [M]d  -  -78.0* 


Menthyl  formate 
acetate 
propionate 
n-butyrate 


-146.3* 
- 157.8 
-1602 
-156.9 


Menthyl  n-valerate 
9»-caproate 
n-heptate 
n-caprate 


9f 


[M], 


-157.3* 
-157.7 
-157.7 
-155.8 


A  similar  result  was  obtained  by  Bupe '  with  a  series  of  unsaturated 
e8ter& 


Menthyl  ebter. 

[M]d. 

Henthyl  ester. 

[M]d. 

a  /3  Pentenio  acid 
7«           »> 

-177.1' 

-172.5 

-1602 

a  /3  Hexenio  aoid 
8  c             „ 

-1724° 
-164.1 
-1535 
-154.4 

In  both  of  the  above  tables  it  will  be  seen  that  the  optical  influence 
of  an  inactive  constituent  is  stronger  the  nearer  it  approaches  the 
asymmetric  complex.'  Unsaturated  compounds  have  usually  a  higher 
rotation  than  the  corresponding  saturated  compounds.* 


Activity  of  Cyclic  Compounds.  It  is  perhaps  difficult  to  in« 
stitute  a  satisfactory  comparison  between  open  and  closed  chain 
compounds,  but  on  the  whole  it  may  be  affirmed  that  the  latter 
show  an  enhanced  rotation.  Anhydrides  and  lactones  show  a 
much  higher  rotation  than  the  acids  from  which  they  are  obtained. 
Lactide,  [a]^  »  -  86^,  is  obtained  from  lactic  acid,  [a]x>  »  +  8^  It  is, 
therefore,  scarcely  surprising  that  the  presence  of  a  cyclic  radical 
should  produce  a  corresponding  effect.     Haller  and  Desfontaines ' 

^  Ber.,  1898,  31,  864.  '  Anndlen,  1908,  827,  157. 

'  Further  examples  are  given  in  LandoU'a  OptUekt  Drehvngtvirn^gtnf  p.  259. 

*  Walden,  Zeit  phya.  Chetn.j  1896,  20,  580. 

*  Cffmpi.  tend,,  1905, 140,  1205.  . 
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kaye  eonyerted  a  series  of  ^-methyladipic  esters  into  methyloycio 
pentanone  carbozylic  esters  and  found  in  each  case  a  largely  increased 
rotation: 

UJtlji  •  CH^  •  COOCH3  CM2 .  CH2\^^.^ 

I  -  I  /^         +CH80H 

lOH  .  CH^ .  COOCH3   (CH8)CH  .  CH .  COOCH3 

[a],>-  +  849°  [a]  «  +  91.0r 


(CB^ 


AetiTxty  of  Slructural  Xsomeni.  No  general  role  determining  the 
relation  of  actiyity  to  structural  isomerism  can  be  laid  down,  seeing 
that  the  sign  and  yalue  of  the  rotation  is  influenced  by  the  nature 
and,  more  especially,  the  position  of  the  groups.  This  would  follow 
frmn  the  facts  contained  in  the  paragraph  on  homologous  series. 
The  normal  and  iso-esters  of  actiye  amyl  alcohol,  on  the  one  hand,  or 
aetiye  yaleric  add,  on  the  other,  show  yery  small  differences : 


Amyl  M^butyrate 
iso- 


[-]> 


99 


9» 


n 


-  +  297* 
=  +288 


fi-Butyl  yalerate   [a]i>"-  +  10-W 
Iso-  .,  „    «  +  1048 


9* 


99 


But  amylacetic  acid  differs  considerably  in  rotation  from  amyl 
acetate^  and  methyl  yalerate  from  amyl  formate : 


Amylacetic  acid      [a]D  =  +  8-58^ 
Amyl  acetate  99    »  +  2*50 


Methyl  yalerate 
Amyl  formate 


[4 


99 


+ 16.88° 
+  201 


Aotivity  of  Position  Isomeirs.  Conditions  similar  to  those 
which  determine  the  actiyity  in  a  homologous  series  appear  to 
obtain  where  the  effect  of  the  0-,  m-  and  |>-positions  on  the  rotation  of 
m  actiye  radical  is  considered,  that  is  to  say,  the  group  nearest  to  the 
Mtiye  radical  usually  produces  the  largest  effect.  The  following  are 
the  molecular  rotations  of  a  series  of  menthyl  esters  of  0-,  m-  and 
jHsomers.  It  will  be  seen  that  the  increase  or  decrease  in  rotation  is 
usually  greatest  with  the  ortho-compound.^ 


Menthyl  benzoate  [M]^ 

^  -  -286.8^ 

Menthyl 
tolnaie. 

Menthyl 
ehlorobenzoate. 

Menthyl 
bromobenzoate. 

Menthyl 
nitrobenzoate. 

oriho. 
mete. 
P<tta. 

-281.2" 

-24a8 

-252.4 

-11».0* 

-286.9 

-2878 

-206.8** 

-288.7 

-288.8 

-881.2" 

-2611 

-2848 

*  TiMhngaeff,  JB»r.,  1898,  81,  1776;  Cohen  and  Aimes,  Tram.  Chem,  Soc.,  1905, 
87,1192. 
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▲ctiTity  of  St«reoi8omAM.  In  spite  of  similarity  of  structure 
and  molecular  dimensions  the  efTect  on  the  rotation  of  the  same 
optically  active  substance  by  the  introduction  of  stereo-  or  geometrical- 
isomeric  radicals^  is  very  marked.  Walden*  has  made  a  series  of 
obserrations  on  the  active  amyl  esters  of  fumaric  and  maleic  acid 
and  their  derivatiyes,  of  racemic  and  mesotartaric  acid  and  of  r-  and 
i-dimethylsuccinic  acid. 


Wd. 

Wd. 

Famarie  ester 

+598 

Bromofiunario  ester 

+6.99 

Maleio       ,, 

+4-62 

Bromomaleio     ,, 

+4.58 

Chlorofdmario  ester 

+6.78 

Mesaoonio          „ 

+5.98 

Chloromaleio      „ 

+4.08 

Citraconio          „ 

+4.14 

Baoemic             „ 

+887 

Dimethyl  sncoinic  (r) 

+8.66 

Mesotartaric       „ 

+4.77 

(0 

+842 

AetiTity  of  Solutions.  The  part  which  the  solyent  plays  in 
modifying  the  activity  of  the  dissolved  substance  is  frequently  so 
very  marked  that  great  caution  must  be  exercised  in  drawing  con- 
clusions from  the  observed  deviations. 

Von-elactrolytes.  Some  substances,  like  turpentine  oil,  nicotine^ 
and  ethyl  tartrate,  seem  to  be  very  little  affected  by  the  presence 
of  a  solvent.  The  specific  rotation,  calculated  from  observationB 
of  the  pure  liquid  or  of  the  solutions  of  difierent  strengths  in 
alcohol,  acetic  acid,  and  benzene,  gives  the  same  result.  In  other 
cases  the  influence  of  the  solvent  is  very  great.  For  example, 
ethyl  ^mandelate  in  acetone,  [a]j>  »  -  90*6°,  in  chloroform  — 180**, 
although  the  molecular  weight  in  both  solvents  is  normaL  The 
effect  of  the  solvent  on  the  magnitude  of  the  rotation  depends  also 
on  both  temperature  and  concentration.  Biot'  observed  that  an 
aqueous  solution  of  tartaric  acid  shows  an  increase  in  specific 
rotation,  with  decreasing  concentration,  and  he  found  later  that 
camphor  in  alcohol  or  acetic  acid  exhibits  the  reverse  phenomenon. 
Landolt*  says,  'this  has  since  been  substantiated  for  a  very  great 
number  of  substances.  ...  So  far  we  do  not  recognize  any  con- 
nection between  the  direction  of  this  variation  and  the  chemical 
nature  of  the  active  substance.'  Since  this  paragraph  was  written 
the  observations  on  the  effect  of  both  temperature  and  concen- 
tration on  the  rotation  of  active  substances  in  different  solvents  have 

^  Geometrieal  isomerism  is  explained  on  p.  106,  et  seq. 
'  Zettpkya.  (7A«m.,  1896,  20,  877. 

*  Mim.  de  VAead.,  16,  98 ;  Atm.  CMm.  Phy$.,  1844  (8),  10,  885. 

*  OpUeal  AetMty  and  ChemiocU  (km^potiUonf  p.  20. 


NON-ELECTROLYTES  »9 

afcemnolated,  and  brought  ns  a  little  nearer  to  a  satisfactory  generali- 
zation^; at  least,  a  general  principle  has  been  evolved  which  con* 
neets  the  solution  volume  and  molecular  aggregation  of  the  active 
solute  with  its  rotation,  so  far  as  it  regards  non-electrolytes. 

SlectrdlgrtM.  The  observation  of  Oudemans  and  Landolt  that 
the  solutions  of  salts  of  active  acids  and  bases  attain  a  constant 
value  with  dilution,  is  a  natural  consequence  of  the  theory  of  elec- 
trolytic dissociation  to  which  Hftdrich '  first  drew  attention.  Lan- 
dolt' found  that  equivalent  quantities  of  different  tartrates  in  dilute 
solution  possess  the  same  rotation  independently  of  the  metal 
present,  whilst  Oudemans*  obtained  the  same  result  with  salts  of 
the  active  alkaloids.  From  this  generalization,  which  is  known  as 
the  law  of  Landolt-Oudemans,  it  naturally  follows  that  the  rotation 
of  an  active  salt,  composed  of  both  active  acid  and  base,  depends 
upon  the  combined  activity  of  the  two  ions,  a  result  which  has 
been  confirmed  by  Walden  from  the  behaviour  of  the  a-bromocamphor- 
sulphonates  of  morphine  and  dnchonine. 

The  change  of  sign  in  the  rotation  of  malic  and  tartaric  acids  on 
dilution  cannot  be  explained  in  this  way,  and  it  has  been  attributed 
to  the  presence  of  molecular  aggregrates  in  the  concentrated  solution 
of  opposite  rotation,  just  as  crystal  aggregrates  of  a  compound  have 
been  found  which  differ  in  sign  from  their  solutions.  Imperfect 
electrolytes,  like  the  organic  acids,  exhibit  in  solution  a  series  of 
•dionges  which  depend  generally  on  the  degree  of  dissociation.  The 
extent  of  dissociation  is  increased  by  dilution  and  by  rise  of  temper- 
ature, with  a  corresponding  numerical  change  in  rotation.  The 
effect  of  different  solvents  may  also  be  accounted  for  on  the  dissocia- 
tion hypothesis. 

ZniLiienca  of  Added  Substances.  The  presence  of  inactive  inorganic 
compounds  sometimes  influences  the  rotation  of  an  inactive  substance 
in  a  very  sensible  degree.  It  may  be  due  to  various  causes,  to  an 
alteration  in  the  degree  of  dissociation,  to  dynamic  isomerism  (see 
p.  172),  to  the  formation  of  new  compounds,  or  to  some  unexplained 
change  in  constitution.  The  activity  of  tartaric  acid  is  increased 
three  to  four  times  by  the  addition  of  boric  acid,  and  many  of  the 
polyhydric  alcohols  are  affected  in  the  same  manner.     The  change 

1  Patterson,  TVons.  Oum.  Boc,  1900,  70,  167,  477 ;  1902,  81,  1097,  1184 ;  1904, 
86,765,  1148;  1906,  87,  88,  818,  and  YTinther,  Zeit.  phys.  Chenu,  1906,  66,  8; 
Walden,  Ber.,  1905,  88,  845. 

*  ZtU,phys.  Chem.^  1898, 12,  476.  >  3«r.,  1878,  6, 1077. 

*  Armalen,  1879,  lO?,  48 ;  1881,  fiOO,  88 ;  See.  Trav.  Chim,  Pays  Baa,  1884,  1, 18 ; 
1886, 4, 166.    Tykoeiner,  Rec.  Trav.  Pays  Bos,  1, 144. 
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in  this  caae  is  attributed  to  the  formation  of  a  ring  straotuie  which 
correeponds  with  its  chemical  and  physical  behariour,  and  its  en- 
hanced rotation.^  The  ring  formation  will  be  of  the  following  type^ 
in  which  the  hydrogen  atoms  of  two  hydroxyls  are  replaced  by 
attachments  to  the  boron  atom : 


C— 0\ 

I 
C— O- 


>B.OH 


The  increased  activity  which  tartaric  acid  and  the  tartrates  undergo 
on  conversion  into  tartar  emetic,  and  the  alkali  boryl  and  arsenyl 
tartrates^  is  accounted  for  in  the  same  way.  The  addition  of  molyb- 
dates,  tungstates,  and  uranyl  salts '  greatly  increases  the  rotation  of 
malic  and  tartaric  acid,  and  is  probably  due  to  the  formation  of 
complex  acids  depending  apparently  on  the  presence  of  a  CH(OH) 
group,  for  no  increase  occurs  in  the  chloro-  and  bromo-succinic  acids 
where  the  group  is  absent. 

Kutarotatioii.  It  has  long  been  known  that  freshly  prepared 
solutions  of  certain  sugars  change  in  rotation  on  standing.  The 
specific  rotation  of  glucose  sinks  to  one-half  before  becoming  constant. 
The  phenomenon  was  therefore  termed  htrotation.  But  when  the 
rotation  of  other  sugars  was  found  to  diminish  to  a  lees  extent  than 
one-half,  whilst  that  of  maltose  was  observed  to  increase  on  standing, 
the  name  was  changed  from  birotation  to  mtdHrotaiion,  As  the  latter 
term  implies  some  simple  ratio  between  the  original  and  final  values 
the  word  mutaroiation  recently  adopted  by  Lowry,  which  postulates 
neither  increase  nor  decrease  in  any  special  ratio,  but  merely  indicates 
a  change  in  either  sense^  is  to  be  preferred.  The  following  table  shows 
the  initial  and  final  rotations  of  a  series  of  natural  sugars.' 


Subgfance. 

Initial 

Wo. 

^nal 
Wo. 

d-Glaeo0e 

106.2 

62.6 

d-Fruotose 

-104.0 

-92.0 

Oalaetose 

117.6 

80.4 

Laoiose 

82.9 

62.6 

Maltose  anhydride 

118.7 

187.0 

Arabinoae 

166.6 

104.6 

Xyloae 

78.6 

192 

Rhamnoae 

-8.0 

+  94 

Fuoose 

- 112.0 

-77.0 

^  ZeiL  pk^  Chem.,  1890,  e,  68  ;  1892,  0,  280. 

s  Walden,  Bmr.,  1897,  80,  2889. 

*  Parens  and  ToUens,  AntuOmf  1890,  267, 160. 
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The  change^  which  frequently  i4ikeB  seyeial  hours  to  complete,  may 
be  hastened  by  boiling  the  solution^  or  by  adding  certain  reagents, 
such  as  ammonia  or  other  alkali  It  is  clearly  indicative  of  an 
alteration  in  the  structure  or  configuration  of  the  molecule.  It  is 
a  subject  of  the  greatest  possible  interest  and  is  more  fully  discussed 
in  the  diapter  on  sugars  (p.  880). 

Opticttl  Bnpecpotdtion*  According  to  yan't  Hoff  tho  optical 
effect  of  each  asymmetric  group  is  retained  independentiy  of  the 
oiher  asymmetric  groups  present  in  the  compound,  so  that  the  total 
effect  is  the  sum  of  the  activities  of  all  the  asymmetric  groups.  This 
relation  has  been  termed  by  Guye  and  Gautier^  qptioal  auperpasUion. 
It  has  been  experimentally  tested  by  Guye  and  by  Walden'  in  the 
foDowing  way,  which  on  reflection  will  be  seen  to  afiford  no  proof 
of  van 't  HoflTs  proposition.  Suppose  the  rotation  of  an  ester,  com- 
posed of  an  active  alcohol  A  and  an  inactive  acid  B,  is  known,  and 
also  that  of  a  second  ester,  composed  of  the  inactive  variety  of  the 
same  alcohol  A  with  one  of  the  active  acids  of  B,  the  two  compounds 
wiU  be  represented  as  follows : 

(1)  A  +  B 
Active.                 Inaetive. 

(2)  A  +  B 

Inaotiye.  Active. 

On  summation  of  the  results  the  inactive  alcohol  and  acid  cancel  and 
leave 

(3)  A  +  B 
Aetive.                  Active. 

In  other  words,  if  two  liquids  (1)  and  (2)  are  mixed,  the  observed 
rotation  will  be  due  to  the  compound  of  active  alcohol  A  with  active 
add  B.  The  problem  may  be  viewed  in  another  way :  (1)  is  a  mixture 
of  two  esters,  namely,  active  alcohol,  which  we  will  suppose  to  be  the 
dextro-enantiomorph,  with  d-  and  I-acid,  and  (2)  is  also  an  assumed 
mixture  of  d-B/cid  with  d-  and  ^alcohol : 

(1)  dA,dB  +  dA,m 

(2)  c2A,cffi  +  ZA,dB 

Now  adding  the  two  specific  rotations  is  equivalent  to  mixing 
eqiud  quantities  of  the  two  liquids.  The  compounds  dA,  2B  and 
2A,  dB  are  stricUy  enantiomorphous  according  to  the  theory,  and 
will  produce  inactivity,  leaving  the  active  compound  cZA  dB,  which 

'  Oompt.  rwid.,  1894,  US,  740,  962* 
'•'  Ztit  phys,  Chenu,  1896,  17,  721. 
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comprises  half  of  each  original  znixture  (1)  and  (2),  so  that  the 
combined  effect  gives  the  rotation  dA,  dB,  that  is,  the  sum  of  the 
rotations  (1)  and  (2). 

The  following  observations  of  Walden  confirm  the  above  theoreticml 
deduction : 


Li. 

i.  1. 

LL 

GaloulatecL 

Amyl  lactate 
Amjl  mandelate 
Amyl  malate 

-6.88 

-96.46 

-9.92 

d.  i. 

+2.64 
+2.76 
+8.60 

-8.98 

-94.02 

-6.88 

d.L 

-8.74 

-98.70 

-642 

Amyl  pbenylohloracetate 
Amyl  chlorosuooinate 
Amyl  tartrate 

+28.81 
+  21.56 
+ 1 4.10 

+a28 
+8.76 
+887 

+26.79 
+25.15 
+  17.78 

+26.64 
+25.81 
+  1747 

It  is  clear  that  the  result  does  not  touch  the  question  of  the  optical 
value  of  a  particular  group.  In  point  of  fact  there  is  very  definite 
evidence  that  the  optical  activity  of  a  group  is  determined  by  its 
environment  in  the  molecule  and  has  no  fixed  value.' 

Rosanoff  has  deduced  this  from  Walden's  own  observations.  If 
the  configurations  of  the  asymmetric  groups  in  ^amyl  {{-tartrate 
[M]d-  +  SO-ee**  and  ^amyl  ^tartwlte  [M]o«  -8112'*  do  not  influence 
one  another's  rotation^  the  two  esters  should  show  the  same  differences 
in  regard  to  the  rotation  of  Z-amyl  mesotartrate,  which  Walden  found 
to  be  [M]d  »  + 18*83^,  but  the  differences  are  far  from  being  identical. 
Van 't  Hoff's  assumption  of  optical  superposition  cannot  therefore  be 
sustained. 


Theory  of  Gnye  and  Cnun  Brown.  Assuming  optical  activity 
to  be  a  function  of  the  asymmetry  of  the  molecule,  we  are  stiU 
ignorant  of  any  direct  connection  between  the  two  whereby  the 
magnitude  of  the  rotation  may  be  measured  in  terms  of  the  dimensions 
of  the  radicals  composing  the  asymmetric  molecule.  Grum  Brown  * 
suggested  that  if  each  of  the  radicals  possesses  a  function  K  which 
determines  its  rotation,  the  differences  between  these  functions  will 
give  the  rotation  of  the  molecule.  He  concluded  from  experimental 
evidence  that  the  function  increases  with  the  size  of  the  radicaL 
Ouye'  has  approached  the  subject  from  a  similar,  but  broader,  stand- 

^  Roaanoff,  J,  Amer,  Chem,  8oc.y  1906,  S8,  628. 
■  Proc.  Boy.  Soc  Bdinb,,  1890,  17,  181. 

•  Compt.  rmd.y  1890,  UO,  714;  1891,  111,  746;  1892, 114,  478  ;  1893, 116, 1183, 
1878,  1461,  14.54  ;  1894,  110,  906 ;  1895, 120,  167,  462,  682,  1274,  Ac 
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point.  The  amount  of  aaymmetry  is  detennined  by  the  difiplaoement 
of  the  oentre  of  gravity  of  the  regular  tetrahedr<»i  from  its  six  pluiea 
of  symmetry.  The  six  values  are  measured  by  the  distances  of  the 
six  peipendieulars  drawn  from  the  oentre  of  gravity  to  these  six  planes 
of  the  regular  tetrahedron,  and  when  multiplied  together  form  what 
he  terms  the  product  of  asymmetry.  If  d^  •  •  •  de  denote  these 
distances,  the  product  of  asymmetry  P  is  given  by  the  expression : 

As  a  first  approximation  Ouy e  assumed  the  tetrahedron  to  be  regular, 
and  estimated  the  values  of  d|  •  .  •  d^  from  the  difference  of  the 
masses  fnj,  194,  m^^  m^  of  the  four  radicals  located  at  the  summits. 
ISmi}  fn^y  m^y  m^  represent  the  order  of  magnitude  of  the  massofl 
the  above  expression  becomes : 

This  expression  satisfies  the  following  essential  conditions,  that  if 
two  groups  are  identical  it  equals  zero,  that  is,  the  substance  becomes 
inactive ;  also,  if  two  groups  are  interchanged,  it  becomes  negative, 
which  signifies  a  change  of  sign,  that  is,  the  formation  of  the  enantio- 
morph.  The  results  of  the  above  expression  may  be  stated  as 
follows: 

1.  If  the  masses  of  any  two  radicals  become  equal,  P  »  0,  that  is, 
optical  activity  will  vanish. 

2.  If  fHi  increases  or  m^  diminishes  in  value,  P  increases,  and 
consequently  the  rotation  will  rise.  Other  relative  changes  will 
produce  a  rise  or  fall  in  rotation* 

3.  If  there  is  a  change  of  sign  of  1,  8,  or  5  of  the  factors,  it  will  be 
followed  by  a  change  of  sign  of  P.  For  example,  when  9112  becomes 
greater  than  mx,  the  first  factor  becomes  negative,  and  the  compound, 
which  we  may  suppose  was  originally  dextro-rotatory,  now  becomes 
laevo-rotatory,  the  amount  depending  on  the  differences  between  the 
masses  of  the  groups  in  question. 

To  test  his  theory,  Guye  compared  the  rotatory  power  of  forty- 
three  compounds  derived  from  active  amyl  alcohol. 
Active  amyl  alcohol  has  the  formula : 

(29)  CjH, 

I 
(15)  OH3— C-OHgOH  (81) 


H 
(1) 
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in  which  the  masses  of  the  radicals  are  in  the  order  CH^OH  (81)  y 
G2H5  (29)  >  CHs  (15)  >  H  (1).  On  increasing  the  mass  (mi)  of  the 
carbinol  radical  [R)  there  should  be  a  corresponding  increase  in 
rotatory  power.    The  following  are  some  of  the  numbers  obtained :  ^ 


B. 

nix* 

Rotation. 

CH,CN 
GH^H 
CHjCl 

GHJBr 
CHjT 

40 
47 
49.5 
69 
94 
142 

V  16' 

JO      7. 

1"    6' 
8*  20' 

4*  24' 
Sr  20' 

The  numbers  agree  well  with  the  theory.  Nevertheless  the  hypo- 
thesis in  its  original  simplicity  has  not  been  supported  by  the  results 
of  subsequent  research.  Guye  himself  soon  discovered  that  two 
different  groups  of  equal  mass  did  not  destroy  optical  activity. 

If  active  amyl  alcohol  is  oxidised  to  the  aldehyde,  there  are  present 
in  the  molecule  an  ethyl  {G^^  « 29)  and  an  aldehyde  group 
(CHO  B  29),  both  of  which  represent  equal  masses,  yet  the  compound 
is  active.  Purdie '  has  shown  the  same  thing  in  the  case  of  ethoxy- 
and  propoxy-succinic  acid& 

CaHjO .  CH .  COOH  CsH^O .  CH .  COOH 


I 
CH, .  COOH 


CH« .  COOH 


CaHgO  =  COOH  C3H7O  -=  CH, .  COOH 

and  Walden  has  produced  many  similar  examples,  thus : 

C  (CeHj)  (OCgHaO)  (COOCH3)  H     C  (CeHJ  (OCaHfiO)  (OOOCj^HJ  H 


77  69  69  1 

Acetyl  mandelic  (methyl)  eeter. 


77  78  78  1 

Propionyl  mandelic  (ethyl)  ester. 


Walden  *  has  subjected  the  theory  to  a  still  more  searching  criticism. 
He  found  that  the  acyl  derivatives  of  the  malic  esters  have  a  nearly 
equal  rotation  irrespective  of  the  mass  of  the  acid  radical. 


Acyl  radical  in 
dimethyl  malate. 


GHsBrCO 

GH.G1C0 
CsHtCO 


-  122 
«     86 

-  77^ 
=     71 


Wd. 


22.40^ 
22.89 


-22.40 


1  ^iifi.  CMm.  fftyt.,  1898  (6),  26,  14«.  *  Trans.  Ckem.  Soc,,  1896,  67,  9i6w 

'  ZHL  phyg.  Gkm.,  1894, 16,  688 ;  1896, 17,  246,  706. 
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The  mono-halogen  deriyatives  of  the  succinic  esters,  on  the  other 
handy  have  a  nearly  equal  dextro-rotatory  activity  irrespectiTe  of  the 
alcohol  radical  Walden  finds  that  the  following  two  substances, 
with  groups  of  nearly  equal  masses,  have  nearly  equal  hut  oppasiie 
rotatory  power: 
M-batyryl  malic  diisobutyl  ester 

mi  »  115,  Ms  -  101,  fit3»  87,  [ajo  »  -26-68^ 
bromosuodnic  diisobutyl  ester 

Ml  «  115,  mg  -  101,  m,  »  80,  [a]^  »  +  ^SMf". 

Equality  of  the  masses  does  not  therefore  produce  inactivity,  nor 
does  inequality  necessarily  cause  a  change  of  rotation.  Just  as  little 
does  a  reversal  in  the  masses  give  rise  to  a  change  of  sign* 

HandeUc  acid  C  (CeHs)  (COOH)  (OH)  H     M  «  -  l&Sf" 

77  45  17     1 

HandeKc  isobutyl  ester  C  (GeH^)  (GOOG4H9)  (OH)  H      „     - 100 

77  101  17      1 

Acetyl  mandeUc  ester    C(GeHo)(COOH)(OCsH80)H    „     -156. 

77  46  69        1 

Befebencbs 
See  end  of  Chapter  III. 


CHAPTER   m 

STEREOCHEMISTRY  OF  UNSATURATED  AND  CYCLIC 
COMPOUNDS  (GEOMETRICAL  IS0MEBI8M) 

A  FOBX  of  isomerism  which  cannot  be  explained  by  ordinary 
structural  relations,  nor  yet  by  molecular  asymmetry,  has  long  been 
observed  among  the  unsaturated  compounds  of  the  ethylene  series. 

The  earliest  example  is  that  of  maleic  and  fumaric  acid,  both  un- 
saturated dibasic  acids  of  the  formula  CgHg .  (COsH)^.  They  are 
obtained  from  malic  acid  by  distillation,  when  maleic  acid  in  the 
form  of  its  anhydride  sublimes,  whilst  fumaric  acid  remains  in  the 
retort. 

Fumaric  acid  sublimes  at  200^  without  melting,  is  but  slightly 
soluble  in  water,  and  crystallizes  in  needles ;  maleic  acid  melts  at 
130°,  dissolves  readily  in  water,  crystallizes  in  rhombic  prisms,  and 
forms  an  anhydride  at  a  temperature  a  little  above  its  melting-point. 
The  close  similarity  in  structure  follows  from  the  fact  that  they  both 

yield  succinic  acid  on  reduction,  both  regenerate 
malic  acid  on  heating  in  a  closed  vessel  with  watert 
and  each  can  be  readily  transformed  into  the  other 
by  means  which  will  be  presently  described.  The 
kind  of  isomerism  was  foretold  by  van 't  Hoff  in  JLa 
Ckmie  dans  TEspace,  published  in  1877.  The 
importance  of  the  theory  then  advanced  has  been 
brought  into  prominence  by  the  experimental  re- 
searches of  J.  Wislicenus,  which  were  embodied 
Fi«.  10.  in  a  brochure  bearing  the  title  Die  Lagerung  der 

Atome  im  Baume^  and  published  in  1887.  Van't 
HofTs  conception  of  a  simple  unsaturated  compound  like  ethylene  is 
that  of  two  regular  tetrahedra  united  by  a  common  edge  with  the 
four  remaining  summits  occupied  by  hydrogen. 

The  same  idea  is  presented  by  the  four-bond  carbon  models  by 
supposing  the  carbon  atoms  to  be  united  by  two  pairs  of  bonds, 
and  the  remaining  two  pairs  to  be  linked  to  hydrogen  atoms. 

If  the  bonds  diverge  at  equal  angles  from  the  central  carbon  atom, 
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and  retain  their  podtions  when  the  carbon  atoms  are  doubly  linked, 
the  epaoe  arrangement  of  ethylene,  viewed  in  perspec- 
tive will  appear  as  in  Fig.  11. 

It  follows  from  this  space  conception  that  the 
hydrogen  atowis  lie  in  (mejUcMey  and  at  the  same  time 
the,^  roUUion  qf  the  carbon  atoms  is  suspended,  that 
is,  the  hydrogen  atoms  are  fixed  If  now  the  hydrogen 
atoms  are  replaced  by  two  pairs  of  unlike  groups  ab, 
ib,  or  by  groups  ab,  ac  or  ab,  cd,  the  system  will  offer 
poasibOities  of  space  isomerism.  By  interchanging  ^  p^^^  ^i. 
one  pair  of  groups,  which  may  be  conveniently 
repiesented  by  projection  formulae,  the  following  pairs  of  isomers 
wiU  be  formed : 

a— C-b    a— C— b 


a— C — b    a— C — b 

U  II 

»— C— b    b— C— » 


0 — c     c — C — a 


ar-C— b    a— C— b 

II  11 

c— C-hI    d— 0— c 


Fumaric  and  maleic  acid  will  have  the  following  space  formulae  : 

COOH— C— H  COOH— C— H 

II  II 

H-C-COOH  COOH  -C— H 

Since  the  two  jMdrs  of  groups  lie  in  one  plane,  asymmetry  is  excluded, 
and  with  it  both  optical  activity  and  enantiomorphous  crystalline 
structure. 

Le  Bel's  conception  differs  in  a  fundamental  point  from  van't 
Hoffa  It  neither  assumes  the  tetiahedral  grouping  of  van 't  Hoff 
nor  the  spatial  distribution  of  four  carbon  bonds,  so  that  it  is  left 
undecided  whether  the  two  pairs  of  groups  attached  to  the  carbon 
atoms  lie  in  the  same  or  in  different  planes ;  in  other  words,  it  does 
not  wholly  exclude  asymmetry,  and  isomerism  may  manifest  itself 
by  optical  activity. 

The  few  cases  of  supposed  activity  of  ethylene  derivatives  have 
been  traced  to  errors  of  observation.  The  activity  of  a  solution  of 
citraconic  acid  ^  produced  by  the  growth  of  fungi  was  found  to  arise 
fixMn  the  formation  of  methyl  malic  acid,  probably  by  the  activity 
first  of  water  and  then  of  the  organism. 

CH3 .  C(COOH) :  CH(COOH)  -^  CHaqOH)(COOH) .  CHjCCOOH) 

Citraoonic  acid.  Methyl  maUc  aoid. 

The  supposed  activity  of  styrene  CJELgpH :  GH2  and  of  chlorof u- 
manc  and  chloromaleic  acid  CO^H .  GGl :  CH .  CO^H '  belong  to  the 

^  Le  Bel,  BuU.  Soc,  Chim.,  1894  (8),  U,  292. 
*  Perkin,  Trane,  Chem.  Soc,,  1888,  68,  695. 
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same  category  of  inaccurate  observations.  It  is  significant  in  this 
connection  that  among  the  many  unsaturated  compounds  found  in 
nature,  such  as  oleic,  fumaric,  coumaric,  coumarinic,  piperic  acid,  &c, 
not  one  is  active.  Even  unsaturated  compounds  derived  from  active 
substances,  like  fumaric  and  maleic  from  active  malic  acid,  bromo- 
cinnamic  acid  from  active  dnnamic  acid  dibromide,  &c.,  are  inactive  : 

CeHjCHBr .  CHBr .  OOOH  -=  CeHgCBr :  CH(COOH)  +  HBr 
CinDamic  acid  dibromide.  Bromocinnamic  acid. 

Although  all  the  bets  support  van 't  HofTs  theory  which  disposes  of 

asymmetry  in  ethylene  derivatives,  it  should  be 
pointed  out  that  where  two  ethylene  linkages 
occur  of  the  form  Cab :  C :  Ccd,  asymmetry  is  pos- 
sible, for  the  two  pairs  of  groups  now  lie  in 
planes  at  right  angles  to  one  another  (Fig.  12).^. 

Such  substances  should  exist  in  enantiomor- 
phous  forms  and  exhibit  optical  activity,  but  as 
they  are  difficult  to  prepare,  experimental  con- 
firmation is  still  wanting.  By  a  simple  extension 
of  the  theory  to  trebly  linked  carbon  atoms,  a 
compound  like  acetylene  would  be  represented  by 
two  tetrahedra  with  two  faces  in  contact^  or  by  a 
pair  of  carbon  models  attached  by  three  bonds  of 
each* 

It  is  clear  that  a  spatial  arrangement  of  Uiis 
character  ofiers  no  possibility  of  space  isomerism, 
a  prevision  which  is  fully  attested  by  experience. 


Fie.  12. 


Fie.  18. 


Fke.  14. 


PropTtiaa  of  the  Zsomars.  The  theory  of  van 't  HofF  propounds 
a  condition  of  things  which  bears  a  much  closer  resemblance  to  our 


>  See  Perkin  and  Pope,  Proe.  Chem,  Soe.,  1906,  22,  107,  and  Marokwald  and 
Meth,  JBer.,  190C,  89, 1171,  2086. 
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eonoepiioii  of  stractural  than  of  the  optical  isomerism.  In  fumaric 
and  maleie  aeid  the  molecular  dimensions  and  attractions  are  obviously 
different,  and  isomerism  might  therefore  be  expected  to  manifest  itself 
bysQch  properties  as  distinguish  structural  isomers.  This  view  is  con- 
finned  by  experience.  The  isomers  di£Eer  in  crystalline  form,  solubility, 
defoaityy  melting*  and  boiling-point,  conductiyity,  or  affinity  constant ; 
aho  in  stabiUty,  which  shows  itself  in  chemical  behaviour  and  heat 
oi  oombiistion ;  finally,  in  molecular  dimensions,  which  determine 
certain  aspects  of  chemical  activity  known  as  steric  hindrance  (p.  224). 
ISie  spatial  rebitions  of  the  compounds  not  depending  on  structural 
diSwences,  which  distinguish  them  from  structural  isomers,  are 
manifeBted  by  the  ease  with  which  they  undergo  mutual  conversion 
on  heating  or  by  the  action  of  reagents,  recalling,  in  this  respect,  the 
proeees  of  raoemisation  or  optical  inversion. 

Geometsieal  Zaomors,  In  order  to  distinguish  this  kind  of 
iaomeiism  from  that  of  optical  isomers,  on  the  one  hand,  and  of 
structural  isomers,  on  the  other,  the  term  geometrical  isomerism  has 
been  introduced.  It  constitutes  a  special  case  of  stereoisomerism. 
Among  the  characteristic  groups  which  exhibit  geometrical  isomerism 
are  the  following :  ^ 

Dimethylethylene  GH3 .  OH :  GH .  GH3 

Stilbene  CeH5.GH:GH.GeH5 

Dibromoethylene  BrGH :  GHBr 

Diiodoethylene  IGH:CHI 

a-Ghlorobutylene  CH, .  GH :  GCl .  GHs 

orBromobutylene  GHs  •  CIH :  GBr .  GHg 

Ghlorostilbene  C^IL^ .  GH  :  GGl .  G^^H^ 

Tolanedichloride  GeH^GGl :  GClC^Uf^ 

Tolanedibromide  GeH^GBr :  GBrGeHg 

Diiodostyrene  GeH^GIrGHI 

0-  andi>-Dinitrostilbene  (K02)GeH4GH :  GHGeHiCNOs) 

CD-Nitrostyrene  GeH^GH :  GH(NO  J 

o-Aminostilbene  (NHJGeH^GH :  GHGeH^CNHj) 

Grotonic  and  Isocrotonic  Acid  GH3 .  GH :  GH .  GOOH 

Tiglic  and  Angelic    „  GHg .  GH :  qGH^) .  GOOH 

Oaldic  and  Hypogsdic    „  GisH^^GH :  GH .  GOOH 

Oleic  and  Elaldic    „  GgHnGH :  GHCGHJ^GOOH 

Erucic  and  Brassidic    „  GgHi^GH :  GH(GH8)iiG00H 

a-Ghlorocrotonic    „  GHg  •  GH :  OGl .  GOOH 

)5-Ghlorocrotonic    „  GH, .  GGl :  GH .  GOOH 

^  A  more  complete  list  will  be  found  in  Werner's  Lehrhueh  der  StenochemU,  p.  189.. 
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jS-Bromoacrylic  Acid 
/S-Iodoacrylic 
Ciimamic  and  Isocinnamic 
AUo-  and  l8oall<Hsinnamic  ^ 
a-Chlorocmnamic 
a-Bromocinnamic 
)8-Ghlorocinnamic 
/3-Bromocinnamic 
a-Methyldnnamic 
a-Phenylcinnamic 
Coumaric  and  Goumarinic 
Fumaric  and  Maleic 
Mesaconic  and  Citraconic 
Phenylitaconic  and  phenyl- 
aticonic  Add 

and  numerous  halogen,  aryl,  and 
maleic  acid. 


>7 

n 

99 

» 

99 


CHBrrCH.OOOH 
CHI.CH.COOH 
CgHgCH :  CH .  COOH 

f>  99 

CeHfiCH :  CCl .  OOOH 
CeHfiCHjCBr.COOH 
CeHftOa :  CH .  OOOH 
CeHgCBr :  CH .  COOH 
CeH5CH:C(CH3).COOH 
C^HfiCH :  qCeHj) .  COOH 
(OHjCeH^CH :  CH .  COOH 
COOH.  CH:CH,  COOH 
COOH .  CH :  C(CH3)C00H 

CeHfiCH :  qCHjCOOH).  GOOD 
alkyl  derivatives  of  fumaric  and 


Determination  of  Confignration.    Before  discussing  the  methods 

which  are  used  for  determining  the  configuration  of  the  geometrical 

isomers,  the  system  of  nomenclature  must  be  briefly  indicated.     In 

the  simplest  case  of  two  pairs  of  groups  abC :  Cab  the  first  of  the  tvro 

isomers 

a— C— b  a^C— b 

II  II 

a— C— b  b— C— a 

is  distinguished  by  having  the  same  groups  on  the  same  side  of  the 
molecule.  It  exhibits  lateral  symmetry,  and  is  known  as  the  pUine- 
symmetric,  or,  more  conmionly,  as  the  cis  or  maienoid  form*  The 
second  isomer  has  its  similar  groups  diagonally  opposite,  and  is  known 
as  axial^ymmetric^  trans  or  /umaroid  form.  The  terms  malenoid  and 
fumaroid  have,  of  course,  reference  to  maleic  and  fumaric  acid,  the 
configurations  of  which  have  been  ascertained  and  correspond  to  the 
cis  and  trans  forms : 


Maleio  acid. 

COOH— C— H 

II 
COOH— C— H 

Plane-symmetric. 
Halenoid  or  cis  form. 


Fumaric  acid. 

COOH— C— H 

II 
H— C— COOH 

Axial-symmetric 
Fumaroid  or  trans  form. 


^  The  existence  of  four  stereoisomers  of  oinnamic  acid  presents  an  anomaly  for 
which  an  explanation  has  been  put  forward  by  Erlenmeyer  and  Arnold,  AfmaUnr 
1904,  837|  829. 
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Wliere  only  one  pair  of  similar  groups  is  present,  the  terms  cis  and 
trans  apply  to  that  pair;  where  all  the  groups  are  different  the 
terms  cannot  be  used,  and  the  difference  is  indicated  in  some  other 
iviy. 

The  general  iMrinciple  which  underlies  the  methods  used  in 
determining  configuration  is  one  which  has  long  lent  itself  to  this 
kind  of  inquiry,  namely,  the  interpretation  of  a  chemical  change 
as  a  mechanical  process  in  which  spatial  relations  of  the  original 
molecule  persist  in  the  new  product^  an  assumption  which,  it  may 
be  said  in  passing,  is  not  always  supported  by  experience.  The 
i  niethod  has  its  limitations  and  must  be  used  with  caution,  since  such 
I  ehanges  are  not  always  simple  and  do  not  invariably  proceed  in  what 
I  one  is  accustomed  to  call  a  normal  fashion* 

nmt  SEetiuML  Fonuitioii  of  Cyclio  Structures.  Among  the 
isomeric  dibasic  and  hydroxy  acids  one  member  of  the  pair  is  usually 
found  to  yield  an  anhydride  more  readily  than  the  other.  Haleic  and 
dtraconic  acids  give  anhydrides  on  heating,  and  are  conTorted  into 
the  original  acids  when  dissolved  in  water.  This  is  taken  as  an 
indication  of  the  proximity  of  the  two  carboxyl  groups.  Maleic  and 
dtraconic  have  therefore  the  cis  configuration : 

H— C— COOH  H— C— CO. 

H— C—COOH  H— 0— (xr 

Kalelc  aoid.  Maleio  anhydride. 

CH3—C— COOH  CHa— C—CO. 

II  -  II       Nj+h^o 

H— C— COOH  H— 0— CO^ 

Citraeonio  acid.  Citraeonio  anhydride. 

It  is  true  that  fumaric  and  mesaconic  add  pass  into  anhydrides 
on  heating,  though  less  readily  than  the  isomercf,  but  the  anhydrides 
are  those  of  maleic  and  citraeonio  adds.  That  the  above  interpretation 
of  the  fscts  is  correct  follows  from  independent  evidence  afforded  by 
the  character  of  the  stereoisomeric  tartaric  acids,  which  maleic  and 
fumaric  add  yield  on  oxidation,  and  which  will  be  referred  to 
presently  (p.  114).  The  converdon  of  the  two  coumaxic  acids, 
OH.C0H4CH:CH.GOOH,  into  lactones  may  be  used  in  the  same 
way  to  distinguish  the  cis  from  the  trans  isomer.  One  acid  passes 
at  once  into  the  lactone,  coumarin,  when  liberated  from  its  salts  by 
the  addition  of  acid,  whereas  the  second  coumaric  acid  is  much  more 
stable  and  requires  an  active  reagent  like  hydrobromic  acid  to  effect 
the  change.    The  lactone  passes  into  the  sodium  salt  on  the  addition 
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of  sodium  hydroxide,  from  which  it  is  again  liberated  by  acids,  but 
if  the  strongly  alkaline  solution  is  boiled  the  second  isomer  is  formed, 
which  acids  no  longer  precipitate  as  lactone.  The  first  or  labile  acid 
will  therefore  have  the  hydrozyl  and  carbozyl  in  closest  proximity. 

H— C— C^H^COH)  H— C— C^H^COH) 

H— 0— COOH  COOH— C— H 

Coumarie  aoid  (labile).  Goumaric  add  (stable). 

H — C — C(|H4v 
II  > 

Coumarin. 

The  above  examples  will  serve  to  illustrate  the  principle  of  the 
anhydride  method  for  distinguishing  geometrical  isomers.  The 
reverse  of  this  process  has  been  occasionally  utilized  for  ascertaining 
configuration,  but  aa  the  conversion  of  a  ring  into  an  open  chain 
compound  requires  more  drastic  treatment  than  the  former  process, 
isomeric  change  may  occur,  and  the  results  cannot  be  relied  on  with 
the  same  security.  It  is  found,  for  example,  that  benzene  and  its 
derivatives  usually  give  derivatives  of  maleic  and  not  of  fiimarie 
add.  Benzene  itself  was  converted  by  Eekul^^  into  trichloracetyl 
acrylic  acid,  which  breaks  up  in  turn  into  maleic  acid  and  chloroform : 

CH 

HO^   !cH 
CH 


CO       H 
CCl,    c 

II     -* 

c 

HOOC        H 

HOOC       H 

V 

U     +  cuci 

c 

HOOC     \ 

TriohlonuMtyl 
acrjrlio  iMid. 

Ibleio  aoid. 

Zincke '  obtained  dichloromaleic  acid  by  the  action  of  chlorine  on 
fHiminophenol  in  alkaline  solution.  Derivatives  of  other  ring 
compounds — furfurane,  thiophene,  and  pyrrole — ^likewise  yield  deri- 
vatives of  maleic  acid.* 

• 

S^eond  Method.  ConT«rsion  of  Aotftjlena  into  Stliylone 
DerivatiTea.    When  tolane   OJELfi  •  (XiJEL^   combiues  with   two 

^  AfmaUn,  1884,  298,  170.  *  Ber.,  1891,  84,  912. 

*  Giamician  and  Silber,  Ser.,  1887,  20,  698,  2594 ;  Giamioiaii  and  Angeli,  S$r., 
1891,  24,  77,  1847. 
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atoms  of  chlorine  and  paaaes  into  the  dichloride  GgHgCGl :  CClCeHs, 
it  might  be  supposed  that  the  formation  of  a  cis  compound  would 
produce  the  least  disturbance  in  the  molecular  arrangement  and 
would  therefore  be  formed  in  the  largest  amount 

I 
C  C5H.5— C— -CI 

III      +  CI,  -.  II 

C  CeH8-0— CI 

C^6 

Consequently  the  tolane  dichloride  {m.p.  148^  obtained  in  this  way 
may  be  regarded  as  the  cis  compound,  whilst  that  obtained  from  the 
tohne  tetrachloride  by  remoyal  of  chlorine  {nLp.  68*^  will  represent 
the  trans  configuration.  This  principle,  which  was  laid  down  by 
J.WisIicenus,*  has  been  applied  in  a  variety  of  cases.  )9-Bromocinnamic 
add,  obtained  by  the  addition  of  hydrogen  bromide  to  phenylpropiolic 
add,  and  its  reduction  product,  allocinnamic  acid,  must  have  the 
following  configuration : 

C0H5 — C — Br  C0H5 — C — ^H 

II  II 

OOOH— C— H  OOOH— C— H 

/S-Bromociiinainio  acid.  AUocinnunio  acid. 

« 

BAenolic  add  C19H39C  i  C  •  COOH  giyes  on  reduction  brasddic  and 
not  emdc  add,  and  has  the  configuration : 

CdHiT — C — H 
H00qCH2)iiC— H 

BnMKidie  acid. 

In  these  cases  the  accuracy  of  the  conclusions  cannot  be  supported 
by  independent  proof.  It  is  otherwise  with  acetylene-dicarboxylic 
add  OOOH. GiC. COOH,  for  the  configuration  of  the  additive 
compounds  with  bromine  are  known,  and  the  product,  which,  according 
to  the  above  argument,  should  consist  mainly  of  dibromomaleic  acid, 
eontains,  even  under  the  most  favourable  conditions,  a  large  propor- 
tion of  dibromofumaric  acid.  The  presence  of  the  trans  isomer  was 
aeeribed  by  Wisiicenus  to  a  secondary  process,  brought  about  by  the 
action  of  bromine  or  hydrogen  bromide  on  bromomaleic  acid,  but 
the  explanation  has  been  rendered  untenable  by  Michael,'  and  the 
method  has  consequenUy  lost  something  of  its  value.    The  reverse 

^  Die  ritunUiehe  Afwrdimng  der  Jiome,  p.  24. 
>  J.  prakL  Chem.,  1892,  40,  210. 


V 
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proceflB  of  converting  an  ethylene  into  an  acetylene  deiivatiTe  has 
also  been  proposed  by  Wislicenus,  but  appears  to  be  open  to  the 
same  disadyantage  as  the  former  one.  Bromopropylene  (&.  p.  68-66^ 
is  more  slowly  decomposed  by  alcoholic  potash  than  its  isomer 
(k  p.  59*5^  and  the  former  is  therefore  assumed  to  haye  the  hydrogen 
and  bromine  atoms  in  the  trans  position,  whilst  the  latter  represents 
the  cis  compound. 


II  II 

H—C— Br  Br— (>-H 

'  5.  p.  68-40".  h,  p.  69.6". 

The  configurations  of  the  isomeric   bromobutylenes  have  been 

determined  in  the  same  way.     Chlorocrotonic  acid  is  conyerted  by 

potassium  hydroxide  into  tetrolic  acid  at' a  lower  temperature  than 

chloroisocrotonic  add. 

CH3 

I 
d— C — CB[o  C  01— C — CH« 

II  11]  II 

H— C— COOH  C  C00H-€— H 


OOi 


^OH 

Ghlorocroionio  add.  Tetrolio  aoid.     Chloroisoerotonie  add. 

On  the  other  hand,  dibromofumaiic  ester  is  more  easily  trans- 
formed by  zinc  into  acetylene  dicarbozylic  ester  than  its  isomer, 
and  the  same  is  true  of  bromo*  and  chloro-fumaric  add. 

Third  Method.  ConTendon  of  Sthjlene  BerifatiTee  into 
Setnzated  Compoimds.  The  method  is  perhaps  best  explained 
by  taking,  by  way  of  illustration,  an  actual  experiment.  It  has  been 
found  that  when  maleic  and  fumaric  acid  are  oxidized  with  potas- 
sium permanganate,  they  take  up  two  hydroxyl  groups  and  yield 
inaetiye  tartaric  adds,  but  whereas  maleic  add  giyes  the  meso- 
acid,  fumaric  acid  yields  raoemic  add.^  This  result  agrees  precisely 
with  the  configuration  of  the  two  geometrical  isomers  ascertained  by 
the  first  method.  The  mechanism  of  the  change  will  be  eyident  from 
the  foUowing  considerations.  Assuming,  in  the  case  of  nuileic  add, 
that  the  cufooxyl  groups  and  hydrogen  atoms  haye  the  cis  con- 
figuration, it  follows  that  if  dther  link  of  the  double  bond  is 
broken,  by  the  addition  of  hydroxyl  groups,  the  same  product  must 

^  Kekul^  and  Anschtltz,  B«r.,  1880, 18,  2160 ;  1881,  14,  718. 
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nsult,  namdy,  meBo-tartaric  add,  in  which  the  two  halves  of  the 
moleenle  stand  in  the  relation  of  object  and  image. 


OH 

/ 

HOOO-C— H 

HOOC— C— H 

/ 

+  H,0  +  0»= 

OH 

HO 

HOOC— 0— H 

HOOC— 0— H 

/ 

HO 

ieid. 

Meao-tartMie  •eid. 

If  fonukrio  add  is  oxidised  the  effeet  is  otherwise,  for  the  trans 
wnfigontion  will  pennit  of  the  hydroxyl  groups  oeoupying  two 
different  poeitiona  aoeording  to  which  of  the  ethylene  bonds  is 
ruptured. 

OH 

/ 
HOOC— 0— H 


HOOC— C— H 

II 
H— C— OOOH 


< 


Fnmarie  add. 


OH 

/ 
H— O-COOH 

HOOC— C— H 

/ 
HO 

H— C— OOOH 

dr  and  2-tartaric  acid. 


Now  these  two  configurations  stand  in  the  relation  of  dextro  and 
hevo  tartaric  acid,  and,  since  they  must  be  formed  in  equal  quantity, 
neemic  acid  results  (p.  72). 

It  is  a  curious  fact  that  the  dibromosuccinic  add  which  is  obtained 
^y  the  action  of  bromine  on  fiimaric  acid  yields  meso-tartaric  and 
BOt  raeemic  add  when  the  bromine  is  replaced  by  hydroxyl.  The 
^OQise  of  a  reaction  involying  the  use  of  bromine  is,  however, 
BObjeet  to  influences  which  may  produce  abnormal  results,  for 
bromine  appears  to  form  trans  additive  compounds  by  preference, 
(p.  121),  in  addition  to  which  it  has  a  tendency  to  generate  the  more 
stable  form  (fumaric  add). 

The  reversal  of  the  process  just  described,  that  is,  the  conversion 

12 
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of  asymmetric  (meso  and  racemic)  into  ethylene  compounds  may  be 
reckoned  among  the  methods  for  ascertaining  configuration,  provided 
that  the  configuration  of  the  original  stereoisomers  is  known  and 
the  reaction  proceeds  in  a  normal  fashion.  The  meso  compound 
should  yield  the  cis  derivatiTe  and  the  racemic  compound  the 
trans.  Experiment  in  this  direction  has  not  been  attended  with 
any  great  success.  The  removal  of  hydrogen  bromide  from  the 
meso  and  racemic  dibromosuccinic  acids  pelds  chiefly  bromofumaric 
acid  in  both  cases. 

If  the  saturated  compound  is  not  of  the  as3rmmetric  tjpey  but  is 
one  like  tolane  tetrachloride  CqH^CCIs.  CCljCoHg,  which,  by  the 
action  of  zinc,  can  be  converted  into  the  unsaturated  dichloride 
CqH5CC1:CC1C0H5,  the  configuration  of  the  product  depends  as 
before  on  that  of  the  original  substance.  But  there  is  no  direct 
method  for  ascertaining  the  configuration  of  the  original  substance, 
and  an  entirely  new  problem  is  introduced* 

Are  the  AtoBui  attached  to  singly  linked  Carbon  fined  ?  Do 

the  different  atoms  or  groups  in  a  saturated  compound  of  singly 
linked  carbon  atoms  assume  a  fixed  configuration  relatively  to  one 
another,  or  are  they  in  a  state  of  oscillatory  motion  or  rotation 
round  the  singly  linked  carbon?  I^  as  Wislicenus  and  others 
suppose,  the  former  is  the  case,  and  that  the  groups  arrange  them- 
selves in  positions  of  greatest  stability,  the  difficulty  of  fixing  these 
positions  has  still  to  be  solved.  Wislicenus  proceeds  in  the  following 
fashion :  as  fiimaric  acid  is  formed  from  malic  acid  at  a  tempera- 
ture of  140-150^,  whereas  the  anhydride  of  maleic  acid  only  appears 
at  a  much  higher  temperature,  he  concludes  that  the  favoured  or 
more  stable  configuration  of  malic  acid  is  represented  by  the  fol- 
lowing space  formula : 

OH 


HOOC— C— H 

I 
H— C— COOH 

I 
H 

The  hydrogen  atom  and  hydroxyl  group  occupy  cis  positions, 
since  in  forming  fumaric  acid  they  are  removed  together.  As  the 
effect  of  heat  is  to  counteract  chemical  attraction,  rise  of  tempera- 
ture may  alter  the  original  conditions  and  the  two  carboxyls  may 
swing  round  into  cis  positions^  giving  rise  to  the  anhydride.     An 
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attonpt  has  been  nuMle  to  test  the  principle  qaantitatively  in  the 

Siqipoee  in  idane  tetrachloride  the  three  configurations  in  which 
two  chlorine  atoms  occupy  cis  positions  to  exist  side  by  side  in 
«qail  amounts^  or,  in  other  worda^  to  offer  no  favoured  configura* 
tion,  a  condition  which  might  be  supposed  to  obtain  at  a  high 


a  CI  CI 

I  I  I 

<3— C— CeHa  O—C— CeHj         CI— C— CeH* 

CI— C— CeHj  a— C-€l         CeHj— C--C1 

I  I  I 

a  c,H5  ci 

12  S 

the  removal  of  two  atoms  of  chlorine  by  zinc  would  give  only  two 
tfihne  diehloridesy  since  2  and  8  generate  the  same  product 

a-^C—CeHj  Cl_C— C^Hj 

y  II 

Cl— C— CgHj  CeHs— C— a 

Cis  from  !•  Trans  from  2  and  8. 

It  thttrefoxe  foDows  that  under  conditions  wherein  all  three  con- 
solations are  equally  stable,  one-third  of  the  cis  form  along  with 
twothirds  of  the  trans  isomer  will  be  produced.  Under  conditions 
ia  viiich  one  of  the  three  forms  alone  can  exist,  either  the  cis  or 
inns  form,  but  not  both,  would  appear. 

Hie  first  condition  is  fulfilled  at  80^,  and  only  one-third  of  this 
OB  componnd  is  formed;  at  lower  temperatures  the  trans  form 
piedominaies  to  the  extent  of  considerably  more  than  two-thirds. 
^  qoestum  of  fixity  of  configuration  of  saturated  compounds  is 
^•eosKd  more  fully  on  p.  138. 


Znv«rnoii.  A  passing  reference  has  been  made  to 
the  mutual  conversion  of  geometrical  isomers  or  geometrical  inversion 
and  the  resemblance  which  it  bears  to  the  process  of  racemisation  or 
<Vtical  inversion*  Trans  formations  of  this  character,  produced  both 
by  physical  and  chemical  agencies,  were  first  observed  with  fumaric 
and  maleic  acid.  It  has  already  been  stated  that  fumaric  add  is 
inverted  into  the  anhydride  of  maldc  acid  on  heating,  and  the  same 

>  BUnk,  Annalm,  1888,  248,  27. 
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result  is  obtained  with  many  of  its  deriyatiyea ;  maleio  chloride  passes 
into  fiunaric  chloride  on  standing ;  the  methyl  ester  of  ^-bromo- 
cinnamio  acid  {m.  p.  147^  is  converted  into  the  isomer  (m.  jp.  159^  on 
distillation;  angelic  acid  passes  intotiglic  acid  on  heating  for  several 
hours.  In  many  cases  only  one  product  results  ;  in  others,  the  process 
is  reversible,  for  the  same  mixture  of  isomers  is  obtained  whichever 
compound  forms  the  starting-point.  In  a  few  cases  light  produces 
geometrical  inversion.  Paal  and  Schulze^  found  that  sunlight  con- 
verts yellow  trans  dibenzoylethylene  into  the  colourless  cis  form,  and 
Wislicenus  has  shown  that  angelic  acid  dibromide  under  these  con- 
ditions passes  into  tiglic  acid  dibromide.  The  solvent  in  the  process 
of  crystallization  is  known  to  effect  the  same  thing.  lodoaciylic 
acid  (n».p.  65^  is  converted  on  recrystallization  into  the  isomer  (nup. 
189-14(f).  Turning  now  to  chemical  reagents,  maleic  acid  is  con- 
verted into  fumaric  acid  on  heating  with  water  under  pressure ;  but 
the  most  effective  reagents  are  the  halogens  and  halogen  acids. 
A  trace  of  bromine  or  iodine  converts  maleic  ester  into  fumaric  ester. 
The  action  of  the  halogens  is  usually  promoted  by  sunlight ;  the 
change  of  citraconic  acid  dissolved  in  ether  into  mesaoonic  acid, 
by  the  addition  of  a  few  drops  of  a  chloroform  solution  of  bromine, 
is  very  rapid  on  exposure  to  bright  sunlight,  and  is  readily  observed. 
Iodine  has  a  similar  action  on  yellow  dibenzalsuccinic  acid,  which 
passes  into  the  colourless  modification.  Hydrochloric,  hydro- 
bromic,  and  hydriodic  acid  convert  maleic  into  fumaric  acid ; 
nitrous  acid  converts  oleic  into  elaldic,  and  hypogaeic  into  galdic 
acid ;  also  nitric  acid  can  be  used  for  transforming  citraconic  into 
mesaconic  acid.  Finally,  caustic  alkalis  convert  maleinaminic  acid, 
NH2OC .  CH :  CH .  COOH,  into  fumaric  acid  and  citraconic  into 
mesaconic  acid. 

With  few  exceptions  the  conversion  is  complete,  and  probably 
follows  the  line  of  least  resistance,  that  is,  £rom  the  labile  to  the 
stable  configuration.  All  these  processes  probably  follow  the  law 
which  governs  isomeric  change  in  general,  and  are  cases  of 
completed  or  incompleted  refyersible  reactions  accelerated  by  the 
intervention  of  a  catalyst  (see  p.  205). 

An  insight  into  the  melanism  of  some  of  these  changes  is 
afforded  by  the  following  observations  which  are  recorded  by  Wis- 
licenus. Maleic  acid  forms  with  bromine  the  additive  compound 
(meso)  isodibromosuccinic  acid,  which,  on  boiling  with  water,  loses 
hydrogen  bromide  and  gives  bromofiimaric  acid. 

>  Ber.,  1902,  86, 168. 
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Br 

HOOC— 0— H  HOOC— C— H 

II       +Br,-  I 

HOOC— C-H  HOOC— O— H,, 

I        ) 
Br    y 

Iiodibromosuoeinio  Mid  (1). 
Br 

HOOC— C— H  HOOC-C— H 

I  -HBr=  II 

Br— C— COOH  Bp— C— OOOH 

I 
H 

iBodibromoKioeinio  acid  (2).  Bromoftimsrio  Mid. 

In  order  to  explain  the  ptoceas  it  is  neoeeaary  to  suppoee  that 
one  earbon  group  of  isodibromoaucdnio  acid  (1)  rotates  on  an  axis, 
formed  by  the  bond  joining  the  two  carbon  atoms,  and  in  the 
direction  of  the  arrow,  until  the  hydrogen  atom  attached  to  the 
lower  carbon  cornea  opposite  the  bromine  of  the  upper  carbon  group 
(isodibromosuccinic  acid  (2)),  when  hydrogen  bromide  is  removed 
and  bromofumaiio  acid  results.  Fumaric  add,  in  the  same  way, 
forms  (raoemic)  dibromosuccinic  acid,  loaea  hydrogen  bromide,  and 
yields  bromomaleic  acid. 

Br 


HOOC— C— H  HOOC— C— H 

11  +Br,-  i 

H-  C— OOOH  H— C-COOHtv 

Br  ^ 

Dibromomeoinio  acid  (1). 

Br 
HOOC -a -H  HOOC— C— H 


-HBr- 
HOOC— C~Br  HOOC— C— Br 


H 

Dibromocnociiiie  Mid  (3).  Bromomaleic  Mid. 

Similar  obeerrations  have  been  made  with  tiglic  and  angelic  acid, 
which  are  conyerted  respectiTely  into  the  corresponding  dibromides, 
and  finally,  by  inversion,  into  bromangelic  and  bromotig^ic  acid ;  also 
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wiih  erucic  and  brassidic  acid,  which  form  dichIorides,and  then  chloro- 
brassidic  and  chloroerucic  acid.  The  process  is  not  limited  to  acids. 
Stilbene  (m.  p.  124^  yields  stilbene  dibromide  (m.  p.  2ST*)  and  bro- 
moisostilbenOy  whereas  isostilbene  gives  isostilbene  dibromide  (m.  p. 
110^  and  bromostilbene.  The  cis  and  trans  butylenes  pass  through 
their  respective  dibromides  by  inversion  into  bromobutylene  (&.  p. 
93*5^  and  crotonylene  hydrobromide  {h.p.  85^. 

CHo — C — H  OHo — 0 — H 

II  II 

Br-.C— CH3  CH3— C— Br 

Bromobutylene.  Crotonylene  hydrobromide. 

The  relationship  between  the  configurations  of  tiglic  and  angelic 
acids  and  the  two  bromobutylenes  has  been  shown  by  Wislicenus  in 
a  very  simple  and  suggestive  way.  When  the  dibromides  of  tiglic 
and  angelic  acid  are  boiled  with  sodium  hydroxide,  carbon  dioxide 
and  sodium  bromide  are  removed  and  a  bromobutylene  results. 

CH3 .  CHBr .  CBrlCHg) .  COONa 

=  (CH3)  CH :  CBr(CH8)  +  NaBr  +  00, 

Angelic  acid,  according  to  the  above  interpretation,  should  give  bromo- 
butylene {b.p.  98*5^,  and  tiglic  acid  should  yield  the  isomer.  We 
will  see  how  these  results  correspond  with  the  principle  just  laid 
down.  According  to  Wislicenus  angelic  and  tiglic  acids  have  the 
following  formulae : 

OHo— *C — H  OHo — C — M 

II  II 

CH3— C— COOH  HOOC— C— CHj 

Angelio  acid.  TigUo  aeid. 

Angelic  acid  forms  a  dibromide  which  uidergoes  inversion. 

Br 

I 
CXI3— — C — H  ClBi^ — C — a. 

II  +Brg    -  I 

CH,— O— COOH  CHg— 0— COOHx 

I  ) 

Br  ^ 

Angelic  acid.  Angelic  acid  dibromide  (1). 

The  sodium  salt  then  brings  about  rotation  into  position  (2),  where 
the  sodium  atom  of  the  lower  carbon  group  is  in  the  cis  position  to 
the  bromine  of  the  upper  carbon. 
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Br 

I 
CH3— C— EL  CS3 — C — ii 

I  -  II  +NaBr  +  C08 

Br— C— CH3  Br— C— CHj 


OOONa 

Angelic  acid  dibromide  (2).  Bromobntylene  (Jb.  p,  98-6°). 

The  isomeric  crotonylene  hydrobromide  is  obtained  from  tiglic  acid 
in  precisely  the  same  manner. 

The  formation  of  the  two  butylenes  from  tiglic  and  angelic  acid 
has  been  effected  and  their  relation  determined  on  similar  lines. 
Briefly  stated,  the  process  consists  in  forming  the  addition  com- 
pound of  the  add  with  hydrogen  iodide  and  boiling  the  latter  with 
caustic  soda  solution. 

CH8CH:C(CHa)-  COOH  +  HI  «  CH3 .  CHI .  CHCCHg) .  COOH 
CH3CHI .  CH(CH3) . COONa   «  CH3.CH:CH.CH3  +  NaI  +  C03 

The  two  butylenes  which  boil  at  1  - 1-5°  and  2  -  2'T  respectively 
can  be  identified  by  means  of  their  dibromides. 

The  mechanical  conception  which  Wislicenus  has  so  ingeniously 
applied  to  the  action  of  bromine  in  causing  geometrical  inversion  has 
not  met  with  an  equal  measure  of  success  in  explaining  other  mani- 
festations of  the  same  phenomenon.  The  action  of  water  in  convert- 
ing nudeic  into  fumaric  acid  might  be  explained  by  the  intermediate 
production  of  malic  acid,  followed  by  rotation  into  the  favoured 
configuration  and  elimination  of  water. 

OH 

I 
HOOC— C— H  HOOC— (>-H 

II  +H,0-  I 

HOOC— C— H  HOOC— C— H  v 

i ) 

MalMc  add.  Malic  acid  (1). 

OH 


HOOC— C— H  HOOC— C— H 

I  -HaO  =  11 

H— C— COOH  H— C— OOOH 

I 
H 

Halio  aeid  (2).  Fumaric  acid. 
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This  theory  of  the  transformation  cannot  be  sustained,  for  Skraup  ^ 
fiuled  to  convert  malic  acid  by  heating  it  with  water  into  fumaiic 
acid  under  conditions  in  which  geometrical  inirersion  readily 
succeeds. 

Traces  of  the  halogen  acids  convert  maleic  add  into  fumaric  acid. 
Wislicenus  explains  the  change  in  the  usual  way  by  the  formation  of 
an  additive  compound,  followed  by  rotation  into  the  stable  configura- 
tion and  the  final  separation  of  hydrogen  halide* 

CI 

I 
HOOC—C— H  HOOC— C— H 

II       +Ha=  I 

HOOC— C— H  HOOC— C— H 


D 


Maleio  acid.  Ohlorosueeinio  aoid  (1). 

CI 
HOOO— C— H  HOOO— C— H 

I  -Hci-  y 

H— C— CX)OH  H— 0— COOH 

Chlorosaccinic  acid  (2).  Fumario  aoid. 

The  difficulty  encountered  in  this  assumption  arises  from  the  fact 
that  the  intermediate  monohalogen  succinic  acids  are  actually  stable 
at  the  temperature  at  which  the  conversion  takes  place.  AnschQtz 
has  shown  that  whilst  strong  hydrochloric  acid  at  10°,  and  hydro- 
bromic  acid  at  0°,  convert  maleic  into  fumaric  acid,  monochloro- 
and  monobromo-sucdnic  acid  are  perfectly  stable  at  these  temperar 
turee,  and  exhibit  no  tendency  to  lose  hydrogen  chloride  or  bromide. 
The  action  of  iodine  in  converting  maleic  into  fumaric  acid  is  explained 
as  follows.  Iodine  is  supposed  to  yield  a  diiodo  additive  compound 
of  maleic  acid,  from  which  hydrogen  iodide  separates  and  reduces 
the  iodofiunaric  acid  to  fumaric  acid.  In  the  conversion  of  maleic 
into  fumaric  acid  by  heat,  the  double  bond  connecting  the  carbon 
atoms  in  the  former  is  loosened  so  as  to  permit  of  free  rotation  of 
the  carbon  atoms  into  the  more  stable  configuration. 

It  follows  that  when  the  double  linking  occurs  on  cooling,  fumaric 
acid  is  formed. 

^  Monatah.,  1891, 12, 108. 
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H00C3— C— H  HOOC— G— H 

H 


HOOC— C— H  HOOC— C— H 

t 


/— C— J 


HOOC— C— H  HOOC-C— H 

H— C— OOOH  H— C— OOOH 

I 

The  reader  is  reminded  of  the  action  of  alkalis  and  of  nitrous  and 
Ditric  add  in  effecting  optical  inversion,  which,  according  to  the 
theoiy  of  Wislicenus,  would  necessitate  the  fonnation  of  inter- 
mediate additive  compounds  with  these  sub6tance&  Still  more 
striking  are  the  fiicts  discovered  by  Skraup  of  the  partial  inversion 
of  metallic  salts  of  maleic  acid  by  precipitation  of  the  metal  by 
hydrogen  sulphide.  The  same  observer  has  also  found  that,  although 
hydrogen  sulphide  and  sulphur  dioxide  acting  separately  on  a  solu- 
tion  of  maleic  acid  produce  no  effect^  their  united  action  causes  partial 
inversion.  In  conclusion  it  should  be  mentioned  that  exposure  to 
Iig^t  alone  is  sufficient  to  cause  inversion.  It  is  clear  from  the 
examples  given  that  the  mechanical  theory  of  Wislicenus  cannot  be 
indiscriminately  applied  and  that  in  many  cases  it  is  either  contrary 
to  &ct  or  manifestly  improbable.  A  variety  of  attempts  have  been 
loade  to  throw  light  on  this  complex  change.  Skraup  suggests  that 
an  exothermic  reaction,  such  as  the  combined  action  of  hydrogen 
sulphide  and  sulphur  dioxide  in  a  solution  of  the  isomer,  or  the 
indpi^it  formation  of  an  additive  compound  which  may  occur  in 
certain  cases,  acts  catalytically  by  setting  up  vibrations  which  he 
cornxMures  to  the  physical  phenomenon  of  resonance  or  the  chemical 
effect  of  an  explosion  wave.  The  theory  possesses  one  convenient 
attribute.  Like  the  old  vibration  theory  of  fermentation  it  stands 
beyond  the  reach  of  direct  experimental  disproof. 

The  same  may  be  said  of  Werner's  theory,  which  postulates  the 
even  distribution  of  affinity  or  valency  over  the  surface  of  the  carbon 
atom,  which  may  take  the  form  of  a  sphere.  The  four  radicals  of 
a  saturated  carbon  atom  occupy  positions  corresponding  to  the  sum- 
mits of  a  tetrahedron  as  the  result  of  a  tendency  to  neutralize  most 
tfectively  their  mutual  attractions.  In  doubly  linked  carbon  atoms 
the  affinity  which  binds  the  pair  of  radicals  to  each  of  the  two 
carbon  atoms  may  be  represented  by  two  segments  of  a  carbon 
^>here  (unshaded  in  Fig.  15),  the  remainder,  which  is  shaded  in  the 
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Fio.  15. 


figure,  being  used  for  binding  the  two  carbon  atoms  together.  Of 
the  latter,  the  segments  corresponding  to  the  more  deeply  shaded 

portions  a  do  not  prevent  free  rotation,  which  is 
entirely  controlled  by  the  mutual  attractions  of  the 
smaller  surfaces  h.  The  latter  act  like  elastic 
bands  attached  one  on  each  side  of  the  sphere, 
thereby  keeping  the  atoms  in  position. 

This  small  fraction  of  afiinity  is  easily  neutra- 
lized by  rise  of  temperature  or  chemical  action, 
and  the  spheres  will  then  be  free  to  reyolye 
through  180^,  that  is,  into  the  opposite  configura- 
tion. 

Geometrical  inversion  is  clearly  the  result  of  a 
variety  of  different  conditions  at  present  imper- 
fectly understood.  The  conditions  which  deter- 
mine the  formation  of  additive  compounds — the  basis  of  Wisli- 
cenus'  hypothesis — furnish  a  problem  which  still  awaits  exhaustive 
treatment ;  so  much  at  least  may  be  said  ;  the  additive  process  is 
greatly  modified  by  the  nature  of  the  groups  attached  to  the  unsatu- 
rated carbon  atoms. 

At  present  we  must  leave  the  subject  of  geometrical  inversion 
without  the  embellishment  of  a  theory  which  embraces  all  the 
phenomena. 

Oaometrical  Isomers  with  more  than  one  Ethylene  Linkage. 

Few  examples  of  isomers  containing  two  ethylene  linkages  are  known. 
Compounds  of  the  formula  aaC :  Cc .  Cc :  Cab  may  exist  in  two 
stereoisomeric  forms,  whilst  in  the  case  of  abO :  Cc .  Cc :  Cab  the 
number  is  increased  to  three. 

c—  C C— c  c— C C  — c 

II  II  II 


a— C— a    a— C— b 


a— C— a    b— C— a 


c-C 


C— c 

II 


c-a 


c— c 

II 


c-C 

II 


C— c 

II 


a— C— b    a— C— b     b— C— a    a— C— b     b— C— a    b— C— a 

Stobbe  *  has  obtained  not  only  three  isomeric  dibenzalsuccinic  acids  of 
the  formuk  CeH^CH :  C(COOH) .  C(COOH) :  OHCeH^,  but  an  addi- 
tional anhydride  which  is  formed  by  the  action  of  light  on  the  anhy- 
dride of  one  of  the  other  three  acid&  The  configuration  of  none  of 
these  compounds  has  been  ascertained,  and  the  existence  of  the  fourth 
isomer  remains  unexplained. 

'  G€$eiL  Nah^orBCftmr  and  Aente,  Ifftnchen,  1899,  88. 
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StereouKimeTimi  of  Cyclic  Compoiinds.  A  short  account  has 
already  been  given  (p.  90)  of  the  optical  isomerism  of  cyclic  com- 
poonds  containing  asymmetric  carbon  in  the  nucleus.  The  stereo- 
chemistry of  this  dass  of  compounds  must  now  be  developed  a  little 
more  fully. 

In  his  original  pamphlet  van 't  Hoff  discussed  the  subject  of  the 
stereoisomerism  of  cyclic  compounds,  although  the  only  example 
known  at  the  time  which  fulfilled  the  necessary  conditions  was 
Baeyer's  hydro-  and  isohydro-mellitic  acids,  CeHo(COOH)8.  Van 't 
HofTs  conclusions  have  since  been  amply  verified  by  the  researches 
of  Baeyer,  Baumann  and  Promm,  Buchner,  W.  H.  Perkin,  jun., 
and  others. 

If  the  carbon  atom  is  represented  in  the  usual  way  with  four 
bonds  directed  to  the  four  comers  of  a  tetrahedron,  and  then  tlyree 
or  more  carbon  atoms  be  joined  by  single  bonds  in  the  form  of 
a  ring  or  dosed  chain,  the  arrangement  drawn  diagrammatically 
may  be  represented  as  follows ;  the  pairs  of  available  bonds,  for  the 
sake  of  simplicity,  are  rendered  by  vertical  lines  at  right  angles 
to  the  contour  orbit  of  the  ring,  and  the  ring  itself  lies  in  a  plane 
vertical  to  that  of  the  paper  and  must  be  viewed  as  if  in  perspective, 
as  previously  explained  (p.  91). 


/ 


\/ 


Each  carbon  atom,  therefore,  possesses  two  residual  linkages,  which 
may  be  joined  to  different  pairs  of  atoms  or  groups.  As  the 
power  of  free  rotation  of  the  carbon  atoms  is  suspended  by  the 
&et  of  their  being  linked  in  a  ring,  the  space  arrangement  should 
bear  some  analogy  to  that  of  the  doubly  linked  carbon  atom  and 
should  manifest  characteristics  of  cis-trans  isomerism  ;  in  other  words, 
the  isomers  should  exhibit  the  differences  in  properties  which  dis- 
tinguish compounds  of  the  f  umaric  and  maleic  acid  type. 

Thus,  a  derivative  of  trimethylene  with  two  pairs  of  groups  a,  h, 
should  possess  the  following  configurations : 

a  a  a  b 


\7i 
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Examples  of  this  kind  of  isomerism  are  now  very  numerous  and 
embrace  a  variety  of  different  groups  of  compounds.  They  include 
the  dicarboxylic  acids  of  cydo-propane,  -butane,  -pentanci  and  -hezane. 
The  isomers  are  distinguished  as  cis  and  trans  for  reasons  to  be 
presently  discussed. 


Name. 


) 


> 


V2  Cyclopropane  dioarboxylic  acid 

1*8  C^dobutane 

12 

1.2  Gyolopentane 

1.8 

Hexahydrophthalic  aeid 

A*  Tetrahydrophthalie  aeid  ^ 

A***  Dihydrophthalic  acid 

HezahydroiBophthaUc  acid 

A*  TetrahydxoiBophihalic  acid 

Hezahydroterephthalio  acid 

A'  Tetrahydroterephthalic  acid 

A*-*  Dihydroterephthalic  acid 

Camphoric  acid  (p.  609) 

Caronic  acid  (p.  488) 

TroziUic  acid 


Melting-point. 

Cis. 

Trana. 

189* 

176*» 

185-186 

170-171 

187-188 

181 

140 

159-160 

120-121.5 

87-88.5 

192 

215 

174 

218 

178-175 

210 

161-168 

118-120 

165 

227 

161-162 

800 

150-155 

about  200 

188 

170  (iso) 

174-175 

212 

a«274 

7»228 

Taking  one  example  from  the  above  list,  the  two  oydopropane 
dicarboxylic  acids  will  appear  as  follows: 

COOH      COOH  OOOH      H 


\H 


H 


OOOH 


H 

Trans. 


A  series  of  dialkyl  succino-succinic  esters  are  known  in  isomeric 
fonns ',  which  probably  have  the  following  structure : 

ROOC  CO        CHgOOOE  ROOC  CO        CHgAIk 

\ 

Alk  (3K       COAlk 


Cis. 


Alk  CH^ 

Trans, 
Dialkyl  suooino-suocinio  esters. 


OOOR 


'  The  use  of  the  symbol  A  is  explained  on  p.  450. 
'  Baeyer,  Ber.,  1898,  26,  282. 
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Also  •  nnmber  of  salwtaaoes  belonging  to  ihe  terpene  group : 


Cit. 

Trans. 

Tenin  (anliydroas)  (p.  477) 
IMpentene  dihydiooliloride  (p.  474) 
Limon«iie  nitrosoehloride  (p.  482) 
Xenthjlamine 

102.106'* 

26 
108-104 
207-208 

168-168* 

60 
106-106 
20»-210 

GH,  GH, 
\/H    H 


(HO)G  / 


H    H 
H. 


\   OH 


A 


OH, 


Ae_v. 


OH 


H* 
Cis.Ter^ii. 


H     H' 

Tntni.  Terpin. 


and  «  nriety  of  cydohezttM  deriyatms. 


( 


Qninitol 

Dimethjrldiketo  eyelohezane 
1-4  Bibromo  ejdohezane 
Benzene  hezeohloride 
Benaene  hezAbnnnide 


Ms  p. 


*!••  P* 


189* 
98 
118 
810 
268 


100-102" 

116-117 

liquid 

167 

212 


Bevend  of  the  alkaloids  exist  as  cis  and  trans  isomers. 

Cis. 

Tnne. 

Tropine  (p.  679) 
Eegonine  (p.  684) 
Cooaine  (p.  684) 

81.2* 
198 
98 

108** 
267 
48^7 

,    The  heierocyelic  compounds  are  lepiesented  by  diketopiperadnes 
of  Biaehoff  ^  and  Fischer  *  of  the  general  formulae : 


CO     I 

\e_/ 


'a 


>  Bit.,  1892,  26,  2960. 


3  Ber.  1906,  89,  8981. 
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whilst  a  aeries  of  isomeric  trithiomethylene  derivatives  have  been 
obtained  by  Baumann  and  Fromm^  by  the  poljrmerisation  of  thio- 
aldehydes  and  thiacetones.  They  are  substances  which  may  be 
represented  by  the  general  formulae : 


a 


a 


C 


\9 


s- 


a   S 


/ 


C 


c 


c 


\ 


& 


S     b  8^ 


It  JB  aignifioant  that  when  the  groups  db  are  ideutioal,  as  in  trithi- 
aoetone  derived  from  thiacetone,  and  when,  according  to  the  theory, 
isomerism  is  impossible,  only  one  form  is  known. 

C/XI3  C/S3 


C 


\sch7s7 


CH 


3 


c 


0       CH 


OH. 


It  is  probable  that  paraldehyde  and  metaldehyde  belong  to  the 
same  type  of  cis-trans  isomerism. 


CH 


a 


CH 


\o  CH,  oX 

\ 

/- 

H 

H 

3 


ca 


ca 


o    H   (/^ 


H 


H 


ca 


Detofiiiiiiation  of  Confignxatioii.  The  isomeric  dibasic  acids  may 
generally  be  divided  into  a  cis  or  malenoid  and  a  trans  or  fumaroid 
type,  exhibiting  the  distinctive  characteristics  of  maleic  and  fumaric 
acid.  The  cis  or  malenoid  form  is  distinguished  by  its  greater 
solubility  in  water,  its  lower  melting-point,  its  affinity  constant 
(which  is  usually,  though  not  invariably,  higher),  also  by  its  anhydride 
formation  (which  is  more  readily  effected  than  that  of  its  isomer)  and 
its  conversion  into  the  trans  isomer  by  the  aid  of  hydrochloric  acid. 
The  trans  or  fumaroid  form  is  much  less  soluble  in  water ;  it  has 

1  Bir^f  1891,  24,  1419. 
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abigher  meltiiig-pomty  and  occasionally  yields  an  anhydride  on  heat- 
ing with  acetyl  chloride,  which,  on  more  prolonged  heating,  passes  into 
the  anhydride  of  the  cis  form. 

The  following  comparison  between  cis  and  trans  hezahydrotere- 
phthaUc  add  and  f  umaric  and  maleic  acid  will  illustrate  the  parallelism 
existing  between  the  two  pairs  of  compounds. 


HOOC 


COOH 


Ck  Hexahydroterephilialio 
•Old. 

GryiUnixea  in  Uige  pUtM  (m.  p, 
191-162^.  M oeh  more  soluble  in  water 
than  Ike  trans  fonn.  TranBformed 
into  the  trans  fonn  when  heated  with 
h  jdroehloiie  add. 


HOOC         COOH 


Xaleio  aoid. 

CiTBtallizes  in  large  plates  (m.  p. 
180^.  Much  more  soloole  in  water 
than  ftimaric  aoid.  Transformed  into 
f umapio  aoid  when  heated  with  hydro- 
ohlorio  aeid. 


( 


HOOC 


COOH 


Trans  Hezahjdroterephthalio 
acid. 

Crfrtallizes  in  short  prisms,  sablimes 
when  heated,  and  melts  at  800°.  Forms 
no  anhydride. 


HOOC         H 


COOH 


Fumario  acid. 

Grjrstallizes  in  small  prisms,  sub- 
limes at  200°.  Forms  the  anhydride 
of  maleic  aoid  on  heating. 


The  partly  saturated  di-  and  tetra-hydrobenzene  dicarboxylic  acids 
tlso  furnish  examples  of  geometrical  isomers  and  show  similar 
differences  in  properties  (see  p.  126). 


HOOC 


COOH 


HOOC 


y 


H 


Cis  A*  Tetrahydroterephthalio 
acid. 


HOOC 


COOH 


COOH 

Trans  A*  Tetrahydroterephthalio 

acid. 


HOOC 


Cis  A**  Dihydroterephthalio 
acid. 


COOH 


Trans  A'*"  Dihydroterepthalio 
acid*. 
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Thus  in  the  ease  of  the  dibasic  acids  there  is  little  difficulty  in 
ascertaining  the  configuration  of  the  isomers.  In  other  cases  the 
criteria  are  less  satisfactory.  It  is  generally  assumed  that  the  com* 
pound  of  higher  melting-point  corresponds  to  the  trans  form,  but 
this  distinction  cannot  be  implicitly  accepted.  Occasionally  the 
experience  deriyed  from  steric  hindrance  (see  p.  224)  will  give  some 
information. 

Absdnte  and  Balativa  Avymmotry.  From  the  list  of  dibasic 
acids  on  p.  126  it  vnU.  be  seen  that  the  three  hexahydrophthalic  acids 
are  represented  by  cis  and  trans  isomers,  but  there  is  an  important 
distinction  between  the  para  compound  and  the  other  two,  for  the 
latter  contain  asymmetric  carbon  atoms  whilst  the  former  does  not. 
This  is  seen  by  reference  to  the  space  formulae. 

^^^^^"  ^OOH  ^Sl^COOH 

2     CS2 

Xjooh 

Hezahydroteraphthallo  aoid.  Hexahydroisophthalic  acid. 


HCOOH    HCOOH 

Hezahydrophthalio  ftcid. 

But  there  is  a  distinction  between  hezahydroterephthalic  acid  and 
an  ordinary  symmetrical  open-chain  compound,  to  which  Baeyer  has 
drawn  attention.  For  if  a  person  is  represented  as  floating  on  his 
side  in  the  orbit  of  the  ring,  with  his  face  to  the  centre  and  his 
hands  outstretched  at  right  angles  to  the  plane  of  the  ring ;  further, 
supposing  his  feet  to  be  at  1,  and  his  head  at  2,  he  will  on  reaching  4. 
in  formula  I  (cis  form)  see  carboxyl  on  his  right  and  hydrogen  on 
his  left,  whereas  if  he  starts  with  head  at  6  and  feet  at  1,  he  will  see 
on  arriving  at  4  carboxyl  on  his  left  and  hydrogen  on  his  right  The 
same  in  true  of  formula  II  (trans  form).  The  structure  as  a  whole  is 
therefore  unsymmetrical,  and  to  this  Baeyer  has  given  the  name 
relative  asymmetf^ 
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HOOC  2 
1 
H 


g^ 


H 

5   COOH 


II 


Hexahydro-phthalie  and  -ifiophilialio  acids  should  therefore  be 
separable  into  optical  enantiomorphs,  but  not  the  hezahydrotere- 
phthalic  acid.  The  resolution  of  hezahydrophthalic  acid  has  in  fact 
been  accomplished  by  Werner  and  Conrad'  (p.  92).  The  same 
principle  is  applicable  to  the  other  cyclic  isomers.  Thus  1  •  2 
cydopiopane  dicarboxylic  acid  contains  two  asymmetric  carbon 
atoms  and  the  two  trans  forms  are  non-superposable,  and  the  same 
is  true  of  1  •  2  cyclobutane  dicarboxylic  acid,  whereas  cis  and  trans 


HOOC 


COOH 


HOOC 


COOH 


H  H 

Trans  1  >  2  Cyclopropane  dicarboxylic  acid. 

1 .3  cyclobutane  dicarboxylic  acids  are  examples  of  relative  asjonmetry, 
^i  each  form  is  identical  with  its  mirror-image.     The  conditions 

H  H 


HOOC 


COOH 


HOOC 


COOH 


H  H 

Trans  1  •  8  Cyclobutane  dicarboxylic  acid. 

of  asymmetry  may  be  conveniently  studied  by  means  of  the  card- 
board models  described  on  p.  98. 

Cottliiiied  Optical  and  Oeomatrical  Isomerism.    The  question 
Acw  arises;   which   of  the   two  geometrical   isomers  containing 


1  Btfr.  1899,  82,  8046. 
X  2 
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I 


asymmetric  carbon  is  inacfcive  by  internal,  which  by  external  con 
pensation?  A  little  reflection  will  furnish  the  answer,  for  tfa 
cyclic  orthodibasic  acids  stand  midway  in  configuration  betwee 
the  dialkyl  succinic  acids  and  the  unsaturated  acids  of  the  maleii 
fumaric  type.  The  relationship  will  be  eyident  from  the  foUowio 
formulae : 

H         H  H         COOH 


OH, 


CH3- 


HOOC  COOH 

{.Dimethyl  taccinio  acid. 


^H3 


HOOC         H 

r-DImeihyl  succinic  acid. 


H      H 


HOOC  COOH 

Cis  Hezahydrophthalio  acid. 

H      H 


HOOC  H 

Trans  Hexahydrophthalio  acid. 

H       COOH 


HOOC        COOH 

ICaleio  acid. 


HOOC       H 

Fumaric  acid. 


The  cis  configuration  represents  the  meso  compound,  the  trans,  the 
racemic  form.  This  has  been  proved,  as  already  stated,  by  Werner 
and  Conrad,  who  succeeded  in  resolving  the  trans  compound  into  itfl 
optical  enantiomorphs  (p.  92). 

The  correspondence  between  each  pair  of  the  three  types  of  dibasie 
acids  described  above  is  not  one  of  configuration  only,  for  it  is  exhibited 
in  a  very  striking  fashion  by  a  close  resemblance  in  physical  ani 
chemical  properties.    The  following  scheme  will  make  this  clear. 


{-Dimethyl  tuccinSo  acid, 
nt.  p,  120^    Baadily  forms  an  anhy* 
dride  (m.  p,  ST*) ;  more  soluble  in  water 
than  its  isomer,  into  which  it  is  con- 
verted by  strong  hydrochloric  acid. 

Cii  ffexahydropMhalie  acid, 
m.  p.  192^.  Passes  readily  into  the 
anhydride  (m.  p.  82^) ;  is  more  soluble 
in  water  than  its  isomer,  into  which  it 
is  transformed  by  heating  with  strong 
hydrochloric  acid. 


r-ZHmethyl  mceinie  add, 
m,  p,  192®.  Forms  an  anhydride  witfcj 
acetyl  chloride  (m,p,  88^,  which  wheaj 
heated  forms  the  anhydride   of  thft 
meso  compound. 

Trans  HexahydrvphOuUic  acid, 
m.p.   215^      Treated   with   acetj! 
chloride  it  forms  an  anhydride  (m*  P» 
140®) ;  when  heated  it  is  iransform^^ 
into  the  ols  anhydride. 


I 
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MdMe  aeiif  .  FUnuiric  add, 

m.  p.  130^.    Beadilj  forms  an  anhy-  m.  p.  286-287^    Sublimes  at  200^; 

drideonheatiiig;  more  soluble  in  water  forms  the  anhydride  of  the  cis  form 

than  its  isomer,  and  is  converted  by  on  continued  heating  or  with  acetyl 

hydrodiloric  aeid  into  fiunario  acid.  chloride. 

It  will  be  seen  that  in  all  three  oases  the  malenoid  form  has 
the  lower  melting-point,  and  is  the  more  soluble  and  the  less  stable 
isomer. 

PissdCtoiifiinirfttio&ofOpan-GhamCknapoiuicUi.  Several  interest* 
ing  qaestions  arise  out  of  the  stereochemical  relations  subsisting 
between  saturated  and  unsaturated  open-chain  compounds  and  the 
saturated  or  partly-satiurated  cyclic  compounds,  which,  as  we  have 
seen,  stand  midway  between  them*  For  the  latter  exhibit  many  of 
the  characteristic  properties  of  geometrical  isomers  of  the  ethylene 
series,  whilst  they  frequently  resemble  the  open-chain  compounds  in 
their  manifestation  of  optical  activity.  This  dual  character  is  seen 
concurrently  where  two  similar  asymmetric  and  nuclear  carbon 
atoms  adjoin  one  another  as  in  the  orthodibasic  acids.  The  resem- 
blance in  certain  physical  and  chemical  properties  between  the  cis 
and  trans  hezahydrophthalic  acids  and  the  two  dimethyl  succinic 
acids,  on  the  one  hand,  and  of  fumaric  and  maleic  acid,  on  the  other, 
has  been  described,  and  its  significance  is  unmistakable.  It  clearly 
indicates  the  fixed  configuration  of  the  groups  in  the  dimethyl  succinic 
acids,  since  they  possess  the  distinguishing  characteristics  of  geome- 
trical isomera  This  question  has  already  been  referred  to  on  p.  116. 
According  to  Aberson^  the  third  active  malic  acid  found  by  Schmidt 
and  Meyer  in  certain  species  of  Echeveria  can  only  be  explained  on  the 
assumption  of  a  fixed  configuration  of  the  radicals  in  these  acids,  to 
which  Aberson  attaches  the  following  formulae : 

OH  OH 

I  I 

H— C— COOH  iH— C-COOH 

HOOC— C— H  H— 0— H 

I  I 

H  COOH 

Ordinary  malic  acid.  Aberson's  acid. 

Hantzsch'  suggests  that  the  two  a/9-dibromopropionic  acids, 
CEgBr .  GHBr .  COOH,  of  Linnemann,  which  are  readily  interconvert- 
ible, and  the  three  a-phenyl  hydrocinnamic  acids, 

CeHftCHa .  CHCC^Hft) .  COOH 

>  Ber.f  1898,  81,  li82»  '  Qrundri8$  der  SUnochmU,  p.  99. 
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of  Yon  Miller  are  to  be  accounted  for  in  the  same  manner.  The 
conversion  of  geometrical  isomers  of  the  cis-trans  type,  like  fumaric 
and  maleic  acid,  into  the  same  product  on  reduction  (succinic  acid) 
appears  at  first  sight  to  contradict  this  view,  but  it  is  readily 
explained  by  supposing  that  singly  linked  carbon  atoms  will  in  the 
majority  of  cases  assume,  by  free  rotation,  the  most  stable  configura- 
tion, and  consequently  no  second  compound  is  formed.  There  appears 
to  be  no  direct  means  of  ascertaining  this  favoured  configuration,  and 
the  various  proposals  which  have  been  suggested  partake  more  or 
less  of  a  speculative  character.  A  certain  amount  of  information  has 
been  derived  from  the  behaviour  of  the  alkyl  succinic  acids.  It  is 
well  known  that  the  facility  with  which  they  pass  into  anhydrides 
increases  with  the  number  of  alkyl  groups  present.  Succinic  acid 
itself  demands  a  higher  temperature  for  conversion  into  the  anhydride 
than  mono-  and  di-methyl  succinic  acid,  whilst  tetramethyl  succinic 
acid,  even  in  aqueous  solution,  passes  spontaneously  into  the  anhydride. 
This  property  of  anhydrisation  seems  to  change  concurrently  with 
conductivity.  Whereas  succinic  acid  has  a  dissociation  constant, 
K  »  0*0068,  which  is  nearer  to  fumaric  acid,  K  ^  0*09,  than  to 
maleic,  K  -^  1*2,  the  methyl  succinic  acids  have  the  following 
constants  ^ : 

K 

Honomethyl  suocinie  acid    00085 
s-Dimethyl  suocinie  acid    0*0128  (ois),  0.0196  (trana) 
Trimethyl  succinic  acid    0*0194 
Tetramethyl  succinic  acid    0*0814 

As  it  is  usually  found  that  the  proximity  of  acid  groups,  such  as 
the  ortho-nitro  substituted  acids  of  the  benzene  series,  increases  the 
conductivity,  it  is  fair  to  presume  that  the  tendency  in  the  methyl 
succinic  acids  is  for  the  carboxyl  groups  to  be  driven  into  juxta- 
position by  increasing  the  number  of  methyl  groups.  The  tendency 
of  succinic  acid  will  consequently  be  towards  the  tran?  configuration, 
that  of  tetramethyl  succinic  acid  towards  the  cis  configuration.  It 
must  be  confessed  that  such  a  line  of  reasoning  leads  to  no  very 
satisfactory  conclusion,  but  the  subject  is  one  of  great  interest  and 
would  repay  further  study. 

^  Walden,  ZeiL  pkys,  Chem.,  1891,  8,  488 ;  Bone  and  Sprankling,  Trans,  Ckm, 
8oe.,  1899,  76,  864;  Bethmann,  Zdt.  phys.  Chem.,  1890,  5,  404. 
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SisioricaL  In  1888  Goldschmidt,^  worldng  under  the  direction 
of  y.  Meyer,  discovered  an  isomer  of  benzildiozime.  It  was  found 
on  investigation  that  the  two  were  structurally  identical,  and  con* 
sequently  stereoisomeric.  This  unexpected  result  opened  out  a  new 
and,  as  it  has  since  proved,  remarkably  fertile  field  of  research  in 
stereochemistry.  The  first,  or  a-benzildioxime,  is  obtained  by- 
digesting  equivalent  weights  of  benzil  dissolved  in  alcohol  and 
hydrozylamine   hydrochloride  on    the   water-bath.     It   melts    at 

28r. 

CeH^ .  C( :  NOH)C( :  NOH) .  CeH^ 

Benzildiozime. 

The  second,  or  /^-compound,  is  prepared  by  heating  an  alcoholic 
solution  of  benzil  with  an  excess  of  bydroxylamine  hydrochloride  in 
a  sealed  tube  at  170^.  It  is  colourless,  like  the  first,  but  melts  at 
206-207^,  and  is  more  soluble  in  the  ordinary  solvents.  In  1889 
y.  Meyer  and  Auwers  *  discovered  a  third,  or  y-dioxime^  which  is 
obtained  from  the  dioxide  (see  below)  by  reduction,  and  melts  at 
16^166°.  Each  substance  has  the  nonnal  molecular  weight,  and 
gives  a  parallel  series  of  ethers  and  esters  of  the  general  formula  : 

C0H5 .  q :  NOB)C( :  NOB) .  C«H^ 

Each  is  decomposed  with  hydrochloric  acid  into  the  original  benzil 

and  bydroxylamine,  yields  dibenzil  on  reduction,  and  a  dioxide  on 

oxidation  \ 

CeHfi.CrN.O 

CeHj.C-.N.O 

BenzUdioxime-diozide. 

The  a-compound  is  the  least  stable ;  for,  when  heated  with  alcohol 
to  170^,  or  with  water  to  200^,  it  passes  into  the  ^-modification,  and 
there  are  other  ways  of  effecting  the  same  result.^ 

>  B«r.,  1888, 16, 1616,  2176.  •  Bcr.,  1889,  22,  705. 

'  Koreir,  Ber,,  1886,  18, 188. 

'  Attwen,  DU  Entwkklung  der  Sttmchemitf  p.  88. 


HISTORICAL  137 

In  1888  y.  Ifeyer  and  Auwers^  obtained  two  isomeric  benzil- 
moDoximee ;  one  (a)  of  melting-point  187-188°,  was  obtained  by  the 
action  of  free  hjdroxjlamine  on  benzil  in  the  cold  alcoholic  solution, 
and  the  other  (y)  of  melting-point  118-114°,  by  digesting  an  aqueous 
alcoholic  solution  of  benzil  with  hydrozylamine  hydrochloride  on 
the  water-bath.  They  are  also  structurally  identical,  and,  like  the 
dioximes,  form  a  parallel  series  of  alkyl  and  acyl  derivatiYes.  The 
first  may  be  readily  converted  into  the  second  by  beating  with  alcohol 
to  100°,  or  by  passing  hydrochloric  acid  gas  into  the  a-compound 
diasolyed  in  a  mixture  of  acetic  acid  and  anhydride  (Beckmann*8 
method).  • 

By  the  action  of  free  hydroxylamine  on  the  second  or  ymonozime, 
the  y-dioxime,  refarred  to  aboTO,  is  obtained. 

Theory  of  Xeyev  aad  Auwen.  The  theory  proposed  by 
y.  Meyer  and  Auwers  *  to  account  for  these  cases  of  isomerism  had 
reference  to  the  linking  of  the  carbon  atoms.  Different  space 
arrangements  of  the  molecule  were  produced  by  the  carbon  atoms 
becoming  fixed,  that  is,  losing  their  power  of  rotation,  and  so 
occupying  a  different  relative  position.  The  two  monoximes  were 
represented  thus : 

CeHj.CrNOH  CeH^.C-NOH 

CeH^.CiO  OrC.C^Hfi 

The  three  dioximes  appeared  as  follows : 

CeHg— C  -  NOH 
HON  -  C— CeH5         CaH.— C  -  NOH 


'C,H, 


In  formula  8  the  two  pair  of  groups  are  situated  in  two  planes,  at 
right  angles. 

Such  a  theory  was  coiitrary  to  van 't  HofTs  conception  of  stereo- 
isomerism, which  postulates  no  second  form  in  singly  linked  carbon 
compounds  unless  the  carbon  group  is  asymmetrical ;  it  was  opposed 
to  previous  experience,  and,  in  addition,  there  seemed  no  reason  why 
the  number  of  either  monoximes  or  dioximes  should  be  restricted  to 
two  in  one  case  and  three  in  the  other.  On  the  same  principle 
it  would  be  possible  to  construct  two  additional  monoximes  and 
a  fourth  dioxime. 

1  Bcr.,  1888,  SI,  784, 85ia  «  JSer.,  1890, 28,  694, 
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When,  therefore,  isomeric  iHshlorobenzophenoneoximes, 

ClCeH4.q:NOH).CeH5 

and  other  tinsymmetrical  ketozimes  appeared  without  the  requisite 
pair  of  singly  linked  carbon  atoms,  the  theory  could  no  longer  be 
upheld,  and  it  was  forthwith  abandoned. 

About  this  time  Beckmann  ^  announced  the  discoyery  of  a  second 
oxime  of  benzaldehyde. 

The  ordinary  or  a-compound  (m.  jp.  85^)  is  obtained  by  adding 
hydroxy lamine  hydrochloride  gradually  to  a  mixture  of  benzaldehyde 
and  strong  caustic  soda  solution,  from  which,  after  passing  in  carbon 
dioxide,  the  oxime  is  extracted  with  ether*;  the  ^-compound  is 
obtained  in  the  form  of  the  hydrochloride  by  passing  hydrogen 
chloride  into  an  ethereal  solution  of  the  a-compound.  The  addition 
of  soda  liberates  the  ^-compound,  which  melts  at  180°,  and  readily 
reverts  to  the  a-form  on  standing.  Beckmann '  represented  the  two 
forms  by  different  structural  formulae  on  the  following  grounds : 

CeH^CH.NH 
CeHftOH :  NOH  \  / 

O 

a-Benzaldozime.  /S-Benzaldozime. 

Both  compounds  form  benzyl  ethers,  which  decompose  with  hydro- 
chloric acid  into  benzaldehyde  and  benzylhydroxylamine ;  but, 
whereas  the  benzylhydroxylamine  from  the  a*aldoxime  yields,  with 
hydriodic  acid,  benzyl  iodide,  the  /3-benzylhydroxylamine  forms 
benzylamine.  Consequently  the  benzyl  group  in  the  ether  of  the 
/}-oxime,  and  therefore  the  hydrogen  atom  in  the  /3-oxime  itself,  is 
linked  to  nitrogen  thus: 

HCl  HI 

CeHfiCH :  NOC^H^  ->  CeH^CHO  +  NHjOC^H^  ->  NH3  +  C^H^I 

a-Benzaldoxime  benzyl  ether.  Benayl  iodide. 

HGl  HI 

CeH^CH.NC^H^  ->  CeH^CHO  +  OH.NHC7H7  -►  NH^.O^H^ 

\/ 
O 

^-Benzaldoxime  benzyl  ether.  Benzylamine. 

The  same  explanation  served  for  the  isomeric  ketoximes.  But  the 
argument  could  not  be  sustained.  In  the  first  place,  Auwers  and 
others  found  that  benzaldoxime  exhibits  tautomerism  (p.  182),  and 
the  constitution  of  the  aldoxime  could  not  be  inferred  from  that  of  its 


*  Ber,,  1889,  2S,  429,  168L  *  Ber.,  1890,  28,  1684. 

*  JBer.,  1889, 88, 1681. 
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benzyl  ethers,  added  to  which  the  two  oxygen-methyl  ethers  as 
well  as  the  two  nitrogen-methyl  ethers  of  benzaldoxime  are  actually 
known  (p,  182).* 

In  the  second  place,  Goldschmidt*  obtained  from  both  benz- 
aldozimes  by  the  action  of  phenyl  carbimide,  GeH5N:C0,  under 
precisely  similar  conditions,  carbanilide  compounds,  one  of  which, 
the  /3-deriTatiye,  is  converted  into  the  a-compound  by  a  trace  of 
hydrogen  chloride,  and  both  are  decomposed  by  dilute  alkalis  with 
equal  ease.  A  compound  having  the  formula  of  the  a-aldoxime 
would  give  a  carbanilide  of  the  following  structure : 

CeHfiCH :  N.O.CO.NHCeHg 

whilst,  according  to  Beckmann,  the  )9-oxime  would  yield  a  stable 
luea  deriyatiYe  of  the  formula : 

CeH^CH .  N.CO.NHCeHg 

O 

It  is  improbable  that  compounds  with  such  marked  structural 
difTerences  would  respond  in  the  same  way  to  the  chemical  reagents 
described  aboye. 

Finally,  it  should  be  mentioned  that  Hartley  and  Dobbie '  haye 
satisfied  themselyes  of  the  structural  identity  of  the  two  compounds 
from  an  examination  of  the  absorption  spectra. 

m 
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OeOBMtrioal  Zsomeriimi  of  the  Ozimes.  Yan't  Hoff  in  his 
Ansichten  iHber  die  organische  Chemie  (1878)  was  the  first  to  speculate 
upon  the  stereochemical  possibilities  of  nitrogen  compounds. 

If  teryalent  nitrogen,  to  take  the  simplest  case,  has  linked  to  it 
three  different  groups,  a,  h^  c,  they  may  either  lie  in  one  plane  with 
the  nitrogen  atom,  when  isomerism  would  be  precluded  (Fig.  16), 


Fio.  16. 

^  Lnzmoore,  TranB,  Chem,  Soe.,  1896,  60,  177. 

>  £er.,  1889,  92,  8118.  *  Tram.  Qum.  3u.,  1900, 77,  S09. 
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or  they  may  be  drawn  together  by  mutual  attraction,  causing  the 
bonds  to  be  bent  along  the  edges  of  a  tetrahedron.  In  this  case  they 
will  no  longer  lie  in  the  same  plane  with  the 
nitrogen  atom  but  form  an  unsymmetrical 
space  arrangementi  and  stereoisomerism 
becomes  possible. 

Attempts  to  resolve  substituted  ammonias^ 
like  benzylethylamine,  i^tolylhydnudne, 
methylaniline,  tetrahydroquinoline,  &a,  by 
crystallization    of  their    salts  with    active 

acidSy  have  invariably  failed,  and  the  conclusion  seems  inevitable 
that  the  nitrogen  bonds  in  these  compounds  lie  in  one  plane  with 
the  nitrogen  atom. 

The  experiments  are,  however,  so  far  inconclusive  that  partially 
racemic  compounds  might  be  formed,  or  hydrolytic  dissociation  of 
the  salts  might  occur  in  process  of  cryiitallization.  In  the  former 
case  the  two  enantiomorphous  bases  would  crystallize  with  the  same 
active  acid  in  equivalent  amounts,  and,  in  the  second,  optical 
inversion  of  the  nitrogen  groups  might  occur,  producing  racemisation. 

Another  suggested  cause  of  failure  of  the  above  method  is  the 
change  of  valency  of  the  nitrogen  atom  in  the  union  of  the  tervalent 
bases  with  acids  which  might  displace  the  original  directions  of  the 
bonds.  These  possible  causes  of  failure  have  to  some  extent  been 
avoided  by  crystallizing  the  salts  from  non-hydroxylic  solvents,  and 

by  using  substituted  hydrazines  of  the  general  formula  f  NN.NHj,  in 

which  the  valency  of  the  asymmetrical  tervalent  group  is  un- 
disturbed ; '  but  in  neither  case  has  any  resolution  of  the  bases  been 
effected. 

Evidence,  but  of  another  kind,  of  the  plane  arrangement  of  the 
nitrogen  bonds  has  been  furnished  by  Kipping  and  Salway.*  They 
have  fractionally  crystallized  the  amide  resulting  from  the  union  of 
an  externally  compensated  acid  chloride,  for  example^  cft-benzyl- 
methyl-acetyl  chloride  with  an  unsymmetrical  primary  amine  (e.  g. 
methylaniline).  If  the  amine  is  externally  compensated,  two  enan* 
tiomoiphous  pairs  of  compounds  should  result,  namely,  dAdB  and 
lAlB  I  dAlB  and  lAdB,  which  would  form  two  inactive  salts  separ- 
able by  crystallization.    As    the   product  was  homogeneous^  the 

Kraft,  Bn-.,  1890,  23,  2780;  Behrend  and  KOnig,  Annakn,  1891,  868,  184 ; 
Lsdonburg,  JSer.,  1898,  26,  864. 

'  Reychler,  BuO.  Soe.  CMm.,  1902  (8),  27.  979;  Jones  and  MiUington,  Pnte. 
Camb.  FkU.  8oe.,  1904,  2,  489. 

*  Traiif.  Chtm.  Soc,  1904,  86,  488» 
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eridence  is  in  favour  of  a  plane  configuration  of  the  tervalent  nitrogen 
compounds. 

Attempts  to  resolve  such  compounds  have  been  more  successful 
where  the  nitrogen  fonns  part  of  a  ring.  Ladenburg'  found  that  on 
distilling  conine  hydrochloride  with  zinc  dust  and  a  little  water,  a 
new  subetancoy  isocanme^  was  produced,  which  differs  from  conine  in 
its  rotatory  power  and  in  certain  other  properties.  The  difference 
of  the  two  compounds  was  ascribed  to  the  hydrogen  atom  attached  to 
nitrogen,  which  occupies  two  positions  in  relation  to  the  propyl  group. 


H 


H 
H 


C3H7 
V  H 


H 


Nn 


Vh  h/ 


H    H 


A  resolt  which  affords  a  similar  explanation  has  been  obtained  with 
artificial  }«tilbazoline,* 

fi^^^  y/Cxx .  CM2  •  CHg  •  0(^5 

vhich  on  heating  yields  the  isomeric  I-isostilbazoline.  The  existence 
of  the  two  tropines  and  tropylamines  of  Willstatter  and  Holler' 
can  only  be  explained  by  a  change  in  the  configuration  of  the  NCH3 
group  relatively  to  the  substituted  methylene  group  (p.  682). 


CH, 


■OH- 

I 


CH, 

I 


CH 


CHj- 


NCH.    CH(OH) 

I  I 

-CH CHj 

Tropine. 


8" 


CH 


CH, 


-CHa 

I 
NCH,    CH.NH, 

I 
CH 


^» 


I 


H 


Tropylamine. 


a 


Theory  of  Kaatuoli  and  Werner.  The  theory  of  Hantzsch  and 
Werner,«  which  was  put  forward  to  explain  the  existence  of  the 
isomeric  oximes,  appeared  in  1890,  and,  in  spite  of  some  adverse 
criticism,  has  successfully  held  its  ground. 

>  Btr.,  1898,  26,  854.  *  Ber.,  1904,  87|  8688, 

'  Ber.,  1896,  29,  986,  1686,  2228 ;  1898,  81,  1212,  2666. 
«  Ber.,  1890,  23,  11. 
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Based  on  recognized  stereochemical  principles,  it  afforded  at  the 
time  of  its  publication  a  simple  explanation  of  existing  facts,  and  has 
since  become  a  fruitful  source  of  new  discoyeries. 

Hantzsch  and  Werner  point  out  that  in  compounds  like  hydro- 
cyanic acid,  cyanogen,  pyridine,  thiazole  and  other  cyclic  nitrogen 
compounds  in  which  nitrogen  is  linked  to  carbon,  if  the  carbon 
bonds  are  directed  towards  the  summits  of  a  tetrahedron,  a  corre- 
sponding bending  of  the  nitrogen  linkages  is  probable  (Fig.  18). 


H 

Hydrocyanic  acid.  Acetylene. 

Fio.  18. 

A  configuration  of  this  character  will  correspond  to  acetylene  and 
cannot  furnish  isomeric  derivatives  (p.  108) ;  but  supposing  that 
whilst  the  direction  of  the  carbon  and  nitrogen  bonds  in  hydrogen 
cyanide  is  preserved  one  pair  is  severed,  the  nitrogen  and  carbon 
become  doubly  linked  as  in  ethylene  and  its  derivatives.  Represented 
by  tetrahedral  models  (nitrogen  occupies  the  summit  of  one  tetra- 
hedron), the  two  space  arrangements  will  be  represented  thus : 
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If  the  Kekul^  models  are  aubstituted,  the  formulae  will  appear  as 
follows : 


Pig.  20. 

Just  as  geometrical  isomerism  may  occur  in  ethylene  deriyativea 
when  the  doubly  linked  carbon  atoms  are  united  to  a  difiPerent  pair  of 
groups,  so  in  the  present  case  two  substances  are  conceivable^  in 
which  doubly  linked  nitrogen  and  carbon  are  present  The  configura- 
tions may  be  conveniently  represented  in  the  following  way : 

a— C— b  a— C— b 

II  II 

N— c  c— N 

Precisely  these  conditions  obtain  in  the  unsymmetrical  oximes. 

The  two  benzaldoximes  may  be  represented  by  the  following  eon- 
figarationSy  which  are  distinguished  by  the  prefix  syn  and  cm^t, 
which  correspond  to  eia  and  trans  respectively  in  the  ethylene 
aeries. 

II  II 

N.OH  HO.N 

Benzaynaldozime,  Benzanh'aldoxime. 

In  the  case  of  the  aldoximes  and  monoketoximes  the  term  syn 
precedes  the  name  of  the  group  occupying  the  cis  position  to  the 
hydroxyl  of  the  oximino  group,  whilst  anti  indicates  the  reverse 
arrangement.  The  two  j>chlorobenzophenoneoximes  will  appear 
thus: 

ClCiiH^ .  C  •  CflHc  C1C«H4  •  C  •  CaHc 

u  u 

HO.N  N.OH 

i^i»-Cl>lorob«nzopheiion«ozime>       iU«N>C3ilorob«nsopheaonMxiina. 
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The  three  benzildioximes  are  distinguished  by  the  terms  syn,  anH^ 
and  amphu 

CgH* .  C C  •  CqH.  G(i^5  •  C C .  C^Hj 

II  II  I  II 

N.OH    HO.N  HO.N  N.OH 

£lyn-BeiuildioKime.  ^nfi-Benzildiozime. 

CqH^  .  C C  •  O^s 

HO.N  HO.N 

jlmpAt-Benzildioxime. 

The  number  of  actual  isomers  in  each  of  the  aboye  examples  corre- 
sponds exactly  to  that  required  by  the  theory. 
Camphor  dioxime  should  exist  in  four  different  configurations  : 

CHj CH C  -  N .  OH 


C(CH3)a 

CH^ C C  -  N .  OH 

I 
CH3 

All  four  are  known. 

PropertiM  of  the  Ztomani.  The  isomers  are  not  characterized 
by  optical  differences,  but  by  those  physical  and  chemical  properties 
which  distinguish  the  geometrical  isomers  of  the  ethylene  series 
(p.  108).  In  addition  they  are  readily  convertible  into  one  another, 
and,  most  significant  of  all,  isomerism  disappears  where  theory 
demands  it.  Thus,  the  benzaldozimes  give  the  same  benzyl 
hydroxylamine  on  reduction, 

CeHfiCHa.NHOH 
and  isomeric  ketoximes  of  the  formula, 

NciNOH 

like  formaldoxime  and  diphenylketoxime,  have  never  been  prepared, 

H.  CjHjv 

^C:NOH  >C:NOH 

h/  OeH/ 

whilst  acetaldoximes  and  propionaldoximes  as  well  as  a  variety  of 
aldoximes  and  unsymmetrical  ketoximes  of  the  aromatic  series  are 
known.  In  short,  the  experimental  facts  satisfy  all  the  essential 
conditions  of  geometrical  isomerism. 
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Hie  impulse  which  the  theory  of  Hantzsoh  and  Wemw  has  given 
to  the  search  for  new  examples  of  stereoisomerism  among  this 
dass  of  compounds  has  rapidly  added  to  the  numher,  and  the  list 
lias  grown  to  formidable  proportions.  The  following  are  among  the 
better  known  examples :  ^ 

Aldaximes. 


0-  m-  andi>-NitrobenzaIdoxime 
fh  m-  and  |>Ohlorobenzaldoxime 

m-  andi^Bromobenzaldoxime 
l>-Iodobenzaldoxime 

m-  and  p-Tolylaldoxime 


Anisaldoxime 

Cuninaldoxime 

Piperonaldoxime 

Furfuraldoxime 

Thiophenaldoxime 


Ketoxmes. 


I^-Hethoxybenzophenoneoxime 
m-  j>Ghloroben2ophenoneoxime 
M-  j^>Bromobenzophenoneoxime 
0-  J^Tolylphenylketoxime 
p-Ethylbenzophenoneoxime 

Dioximes. 


p-Propylbenzophenoneoxime 

Xylylbenzophenoneoxime 

j)-Aminobenzophenoneoxime 

m-i^-Hydroxybenzophenoneozime 

Thienylphenylketoxime 


Beozildioxime 
Anisildioxime 
CWinildioxime 
Tdildioxime 


Nitrobenzildioxime 
Phenylglyoxime 
Glyoximedioarboxylic  acid 
Camphordioxime 

Qmnoneoxmes. 


CI 

Methyl  fiHshloroquinoneoxime       O = ^         y  —  N .  O . 


CH, 


CI 


Benzoyl  fiKhloroquinoneoxime      O  =*  ^         ^ = N .  O .  OOCeHj 


CI 


l>-Chlorotoluquinoneoxime 


— ^ 


-NOH 

3 


J>-Bn>motoluquinoneozime 


Br 


CH. 


In  addition  to  the  ozimes  of  aldehydes,  ketones,  diketones,  and 
^ivinones,  isomers  belonging  to  the  class  of  hydrazones,  osazones, 

'  A  more  complete  list  will  be  found  in  Werner's  Lihriuieh  ier  BtenothtmU. 
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aiul-ooinpounds,  chlorimidee,  and  diazo-compounds,  all  of  which 
contain  the  requisite  doubly-linked  carbon-nitrogen  or  nitrogen- 
nitrogen  complex,  are  now  known : 

a^  a— 0=N.NBiR,            a> 

>C=N.NB,R2  I                  '              >0-NR 

K  a— C-N.NRiB,            V 

Hydrazonea.  Osazones.  Anil  eompoondi. 

>C-Na  a.N=N.b 

Chlorimides.  Diazo-GompouncU. 

LoMan's  Baiudiydroziiiiie  Acid  aad  its  DcrivativML  The 
theory  has  moreover  accounted  for  some  of  the  mysterious  ph^^sical 
isomers  which  Lessen^  found  among  the  denYatives  of  benz- 
hydrozamic  acid. 

Benzhydroxamic  acid,  or  benzhydroximic  acid,  as  Werner'  prefers 
to  call  it,  is  obtained  by  the  action  of  benzoyl  chloride  or  benzoic 
ester  on  hydroxylamine 

J^OH  OTIOH 

Benzhydrozimic  acid. 

The  ethyl  ether,  prepared  by  the  action  of  ethyl  iodide  on  the 
potassium  salt>  has  the  following  formula,  since  it  is  decomposed  by 
dilute  acids  into  benzoic  acid  and  ethoxylamine : 

CeHfi ,  Of  +  H2O  =  CfiHfi .  COOH  +  H3NOC2H5 

Benzhydroximic  ether.  Benzoic  acid.        Ethoxylamine. 

The  hydrogen  of  the  hydroxylamine-hydroxyl  may  also  be  replaced 
by  acid  radicals,  such  as  benzoyl,  as  well  as  by  alkyl  groups.  The 
compounds  with  acid  radicals  are  acids  and  form  salts.  The  formula 
of  the  benzoyl  derivative  will  be  one  of  the  following : 


CeH, .  0^ 


O .  COO^Hg  NH .  O .  COCeHj 

or,    CcHg.CK 
OH  ^O 


If  now  the  replaceable  hydrogen  is  substituted  by  an  alkyl  group, 
by  the  action  of  alkyl  iodide  on  the  silver  salt,  the  product  (as  well 

'  AmuOm,  1872, 161,  847 ;  1876, 176,  271 ;  1877, 186,  1 ;  1889,  26a,  170;  1891, 
266,  176 ;  1894,  281,  169. 

'  Ber.,  1892,  26,  27 ;  1898,  26,  1661 ;  1896,  2e,  1166. 


BENZHYDBOXIHIG  ACID  147 

as  that  obtained  by  its  hydrolyaas,  namely,  ethyl  benzhydroxlmie 
acid)  is  found  to  be  s  mixture  of  two  isomers : 

If  0 .  COC,Hj  r^^^ 

Bthyl  benzhydroximie  benzoyl  ester.  Ethyl  benzhydroximic  acid. 

Both  of  the  ethyl  benzhydroximic  acids  decompose  on  hydrolysis 
into  benzoic  ester  and  hydrozylamine. 

Werner  has  pointed  out  that  these  compounds  are  strictly  oximes, 
«&d  offer  a  striking  analogy  in  chemical  behaviour  to  the  isomeric 
ketozimes.  The  reason  for  this  becomes  apparent  on  making  a  slight 
alteration  in  the  manner  of  writing  the  formula : 

CfiH^ .  C .  OCjHg  CeHg .  C .  OCjHg 

II  1 

CeHgCX).  O.  N  N .  O .  COCeHg 

Ethyl  ^yn-benzhydrozimic  Ethyl  anti-benzhydroziinic 

benzoyl  ester.  benzoyl  ester. 

O0H5  .  C  •  OG2H5  ^6^6  •  ^  •  OC2H5 

II  II    * 

HO.N  N.OH 

^thyl  syn-benzhydrozimic  aoid.  Ethyl  anti-benzhydrozimie  acid. 

The  following  are  the  names  of  some  of  the  hydrozimic  acids  which 
^zist  in  isomeric  forms : 

Eydroxmic  acids. 

\  Propylbenzhydrozimic  acid        CeH^ .  C( :  NOH)OC8H7 

{  Ethyl  i>.tolylhydrozimic  acid      CHaCeH^CC :  NOHpCaHg 

I  Ethylanishydroximic  acid  CHgOCeH^CC :  NOH)OC2H5 

'  Hydroximie  esters- 

\      ^pylbenzhydroximic   ben- 
zoyl ester  C^^fi( :  NOOOCaH5)OCaH7 

Bthylj^tolylhydroximic  ben- 
zoyl ester  CHgCflH^q :  NOOOCeHa)OC2H5 

BthylaniBhydroximic  benzoyl 

ester  CHaOCeH^CC :  NOCOC«H5)OC2H5 

Ethylanishydroximic    anisyl 

ester  CH30CeH4q:NOCOC,H40CH3)OC2H5 

Ethylbenzhydrozimic  anisyl 

ester  Ojaifi{ :  NOCOCeH^OCHaPCaH^. 

)         Determinatioii  of  Confignratioii.    We  have  now  to  consider  the 
^thods  adopted  by  Hantzsch  for  determining  the  configuration  of 

L  2 
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the  isomerie  ozimes.  The  methods,  like  those  applied  to  ethylene 
deriyatives,  are  based  oa  some  marked  diffeienoe  in  ehemical  be- 
haviour, and  especially  on  intramolecular  changes  such  as  the  forma- 
tion of  anhydrides. 

Coiiflgiizati0n  of  the  AUUndmes.  It  is  found  that  one  of  the 
isomeric  aldozimes  decomposes  into  a  nitrile  more  readily  than  the 
other.    This  property  is  taken  to  indicate  the  syn  configuration. 

Thus  benzsynaldoxime  forms  benzonitrile  and  water, 

CqHsC  .  H    =  CeHsC 

II  III  +  H^O. 

N.OH  N 

The  reaction  is  generally  performed  by  warming  the  aldozime  with 
acetic  anhydride  (when  the  acetyl  derivatiYe  is  formed),  cooling,  adding 
solid  sodium  carbonate,  and  finally  a  solution  of  caustic  soda.  Under 
these  conditions  the  anti-compound  is  unattacked,  and  dissolres  in 
the  alkaline  solution,  whilst  the  nitrile  from  the  syn-compound 
remains  undissolved  and  is  readily  detected  by  its  strong  and 
characteristic  smell : 

CeHfiCH 

II  -  CeHg .  CN  +  CH3 .  COOH 

NO.COCH3 

The  two  phenyloximino-acetic  adds  *  may  be  distinguished  by  the 
same  process.  The  acetyl  derivative  of  the  one  yields  benzonitrile, 
that  of  the  other  is  hydrolysed  and  gives  the  original  oximino  com- 
pound.    The  first  has  therefore  the  syn  configuration : 

CeHj .  C .  COOH  C.H^C      00, 

II  -  III  + 

N.O.COCH3  N      HO .  OOCH3 

Antiglyoxime  dicarboxylic  acid  behaves  in  the  same  manner  and 
gives  carbon  dioxide,  water,  and  cyanogen : 

COOH .  C—C .  COOH      CO2      C— C      CO- 

II     II  «  +  III     II  + 

HO.N    N.OH  HjjO     N   N      H^O 

The  behaviour  of  carbanilide  compounds  of  the  aldoximes  can  also 
be  employed  for  determining  configuration.  One  of  the  isomers 
(probably  the  syn-compound)  undergoes  decomposition  either  spon- 
taneously or  on  heating,  and  yields  the  nitrile : 

C5H5  •  CH  C5H5C 

II  -         III  +  COj  +  NHjCjHj 

N.O.OONHC,Hj  N 

■  Hantzsoh,  Bar.,  1891,  24,  41. 
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Ooldlgiiratioii  of  the  ^Tt^irfmirg.  In  determining  the  configura- 
tion of  the  ketozimeB  Hantzseh  emplo]^  what  is  known  as  Beckmann's 
reaetion.  When  the  ketoximes  are  treated  with  strong  sulphuric 
add,  hydrochloric  acid,  or  phosphorus  chloride,  a  molecular  change 
ocears  whereby  the  ozime  is  conyerted  into  an  amide.  To  prevent 
conversion  of  one  isomer  into  the  other  during  the  process,  it  is  found 
adyisable  to  use  phosphorus  pentachloride  in  preference  to  the  other 
reagents,  and  to  add  it  to  the  compound  in  a  cold  solution  of  benzene 
or  petroleum  spirit.  The  reaction  has  been  explained  in  the  following 
manner.  The  hydroxyl  group  attached  to  the  nitrogen  atom  changes 
place  with  the  radical  attached  to  the  carbon  atom  in  the  cis  posi* 
iion.  This  is  followed  by  the  shifting  of  the  hydroxyl-hydrogen 
from  the  oxygen  to  the  nitrogen  (see  p.  180).  The  character  of  the 
product  will  consequently  depend  on  the  relative  positions  of  the 
hydroxyl  group  and  radical  in  the  oxime.  If  a  and  b  denote  the  two 
radicals  the  changes  will  proceed  as  follows : 

1.  ar-C~b       -i^  HO.CU-b      -*  0:C— b 

II  II  I 

HO .  N  a— N  a— NH 

2.  a— C— b      -       a— C.OH  --   a— C:0 

II  II  I 

N .  OH  N— b  HN— b 

The  amine  and  acid  obtained  by  decomposing  the  amide  will  be 
different  in  the  two  cases. 

Thus,  thei«  are  two  isomeric  p-methoxybenzophenoneoximes  m.  p. 
l^T  and  115^.  The  one  phenylanisylketoxime  yields  anisic  anilide 
and  finally  anisic  add  and  aniline,  and  is  therefore  the  syn-compound, 
whereas  the  other  is  conyerted  into  benzoic  aniside  and  then  anisidine 
and  benzoic  acid,  and  is  consequently  the  anti-compound : 

OeH^ .  C .  CeH^OCHj  0:0.  CeH40CH3        HOOC .  CeH^OCHj 

II  -♦  I  -♦  + 

HO.N  CeHfiHN  CeHgNHj 

Syn-phenyUnisylketoxime.  Anisic  anilide.  Anisic  acid  and  aniline. 

CeHj.  C . CeH^OCHg  -   CgHg  .0:0  -  CeHftCOOH 

II  I  + 

N .  OH  NHCeH400H3  NHaCeH^OCHg 

Anti-phenylanisylketoziine.  Benzoic  aniside.  Anisidine  and 

benzoic  acid. 


CSoaflgiirati0B  of  the  Kydrosimie  Aeids.    The  same  reaction  may 
l>e  used  for  identifying  the  ethylbenzhydroximic  acids,  for  the  a-acid 
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(syn)  changes  into  phenyluieihane,  whereas  the  ^-acid  (anti)  is  unde- 
compoeed  and  combines  with  the  phosphorus  to  form  an  ester : 

OaHj.C.OOaHg         HO.C.OCjHj        OiCOC^Hs 

NHOe] 
Ethyl  syn-benzhydroximic  add.  Phenylorethane. 


II         -         II  , 

HO .  N  0,Hj .  N  itHCjHj 


Ooafignration  cf  the  XMoziiaaa  or  CHyoxiaws.  Th«  behaviour 
of  glyozimedicarboxylio  add  has  already  been  mentioned  (p.  148). 
The  benzOdioximea  and  analogous  compounds  can  be  differentialied 
by  the  aid  of  Beckmann's  reaction.  The  most  stable  (/3)  of  the  benzil- 
dioximes,  since  it  yields  ozanilide,  is  the  anti-compound : 

C,H. . C— C . CH.    HO.C— C.OH  0:C— C:0 

II    U         -        II    II         -  II 

HO.N    N.OH       CjHsN    NCaHj        ©.HsHN    NHCHj 

The  a-compound  gives  dibenzenylazozime  and  is  therefore  the  syn- 
compound: 

O.Hj.C C.CjHa  CeHj.C.OH    HO.N 

II  II  -  II  u 

N.OH    HO.N  N C.CjHj 

O 


.C      N 


-*    C.H5 

11       II 
N — O.C,Hg 

whilst  the  y-diozime  is  converted  into  benzoylphenylurea  and  repre- 
sents the  amphi-compound : 


OjHj.C O.CjHj  HO.C.C,H 

II             II               -*  II 

HO.N    HO.N  CgHg.C N 


u 

HO.N 
HO.C N  0:0 NH 

-        II        II        -         LI 

C^HsN    HO.OCeHs  CjHjNH    0:C.C,Hj 

The  syn-dioximes  are  further  characterized  by  the  formati<xi  of 
anhydrides  or  foiazanes : 

Cj,Hg .  C C .  C(Hg  ^a^s  •  ^ — C .  C.H. 

II      „  II  -  II       II 

N.OH    HO.N  N     N 

Y 

Syn-beozUdioxime.  Diphenylfurazane. 
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The  same  property  can  be  utilized  to  determine  configuration  in  such 
cases  as  the  /9-ketojumic  acids  of  the  formula  B .  G(NOH) .  OH^ .  COOH 
and  ^-oximinoketones  B .  G(NOH)  •  GH^  •  CO  •  R,  even  though  no 
second  isomer  is  known.  Both  groups  of  compounds  form  anhydrides 
more  or  less  readily,  and  possess,  therefore,  a  syn  configuration : 

B.C.GHo.COOH  B.C.CHo.CO 

II  -  II 


N 6 


N.OH 

Syn-ketozimeaoetic  acid.  87n-ozazolone. 

B.C.CHo.CO.B  B.C.CHiC.B 

II                            -          II  I 

N .  OH  N O 

Syn-ozlmiiioketone.  Syn-oxazole. 

X&T«ndoB  of  the  OzimM.  The  manner  in  which  the  ozimes 
undeigo  conversion  into  one  another  has  already  been  illustrated 
in  the  case  of  the  benzaldoximes  and  benziloximes  (pp.  186,  188). 
Heat,  lighty  and  crystallization  will  sometimes  effect  the  change,  but 
hydrc^n  chloride  in  presence  of  benzene,  ether,  or  alcohol  is  the 
most  common  and  efiective  reagent  for  transforming  the  anti-aldozime 
into  the  hydrochloride  of  the  syn-compound  provided  that  water  is 
excluded.  If  water  is  present  the  reverse  change  may  occur,  and 
frequently  the  syn-compound  in  the  free  state  passes  spontaneously 
into  the  anti-compound. 

The  alkyl  derivatives  of  the  aldoximes  change,  if  they  change  at 
all,  in  the  direction  from  the  syn-  to  the  anti-compound.  There  is  no 
question  of  a  reversible  change  in  the  sense  that  a  definite  equilibrium 
mixture  of  the  two  products  is  formed.  It  is  usually  complete  in  one 
direction.^  The  behaviour  of  the  two  isomers  must  be  explained  by 
the  relative  stability  of  the  free  oximes  and  their  salts. 

It  is  clear  that  in  the  case  of  the  benzaldoximes  the  syn-compound 
is  labile  in  the  free  state,  whereas  it  forms  a  stable  hydrochloride. 
Luxmoore'  has  shown,  for  example,  that  hydrochloric  acid  gas  passed 
into  an  ethereal  solution  of  benzantialdoxime  at  0°  precipitates  the 
anti-hydrochloride ;  but  on  attempting  to  recrystallize  it,  it  was 
converted  by  simple  dissolution  into  the  hydrochloride  of  the  syn- 
compound,  and  a  similar  change  was  observed  to  take  place  slowly  at 
the  ordinary  temperature : 

CaH^  •  C  •  H  C0H5  •  C  H 

II  -  B 

HO .  N(HCl)  (HC1)N .  OH 

t  Hantzseh,  Zeit.  phyt.  Omt.,  18M,  18,  509. 
*  ZVon*.  Chan.  Soe.,  18M,  99,  181. 
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As  soon  as  the  syn-aldozime  is  liberated  by  the  addition  of  alkali, 
or  its  hydrochloride  becomes  dissociated  by  the  addition  of  water, 
it  reverts  to  the  anti-compound.  This  cycle  of  changes  may  be 
represented  by  the  following  scheme : 

CcHg.C.H  +HC1  aH^.C.H 


'6"5 


HO.N 

stable 

o 

o 

CaHk  .Cm 

II 

N.OH 
labOe 


II 


HO .  N(HCl) 
labile 


o 


o 

0 


-HCl 


(H(31)N.0H 
stable 


Hantzsch  ^  divides  the  oximes  into  the  acid  stable  and  the  aUoali 
stable  and  formulates  the  more  general  scheme : 


a. 


.) 


X  «  Na,  X  -  HCl,  CjH80,&c 
stable  labile 

Rj — C — R2  "*  Ri — vJ— Rg 

structural  change    _ 

XO— N 


+ 
XO— N 


«M        .2 

o     :n 

&t  i 
»    § 

Rj — C — R2 


+ 
N— OX 

labile 


o 


g- 


i 


o 


o 


Rj — C — R2 


structural  change 


N— OX 

stable 


All  the  dioximes  such  as  the  dioximes  of  benzil,  phenylglyoxal, 
glyoxal  dicarboxylic  acid,  as  well  as  the  oximes  of  j7-hydroxybenzo- 
phenone  and  phenylglyoxylic  acid,  exhibit  this  behaviour,  which 
explains,  among  other  things,  the  formation  of  the  one  isomer  by 


*  Grufidri88  der  Stereoehemie,  2nd  ed.  p.  ISO. 
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I 

the  action  of  free  hydroxylamine  in  the  presence  of  alkali,  and  the 
other  by  the  use  of  the  hydrochloride  (p.  187). 

The  instability  of  the  anti-compounds  in  presence  of  acids, 
especially  hydrochloric  acid,  accounts  for  the  action  of  acetyl  chloride, 
which,  by  producing  traces  of  hydrogen  chloride,  conyerts  benzanti- 
aldozime  into  the  acetyl  derivative  of  the  syn-oompound ;  hence 
the  substitution  of  acetic  anhydride  in  the  method  described  for 
detennining  configurations.  It  explains  also  the  use  of  carbon  dioxide 
for  liberating  the  anti-benzaldoxime  from  its  sodium  salt  (p.  188). 

Comstock^  has  made  the  curious  observation  that  the  aldoximes 
fonn  compounds  with  cuprous  chloride  and  bromide  of  the  formula 
(B.GH:N0H)2CuX,  and  here  again  the  salt  is  that  of  the  syn- 
aldoxime. 

It  is  readily  conceivable  from  what  has  been  stated  that  the  forma- 
tion of  the  particular  isomer  is  dependent  on  the  chemical  or 
physical  conditions  of  the  experiment,  and  that  it  is  rather  the  exce]> 
tion  than  the  rule  to  find  both  isomers  in  the  product  Nevertheless, 
isomeric  ketoximes  of  the  aromatic  series  frequently  appear  together 
when  the  oxime  is  formed  in  alkaline  solution  by  Auwers'  method,^ 
and  they  can  then  be  separated  by  fractional  crystallization.  The 
simultaneous  formation  of  the  two  aldoximes  has  been  observed 
in  the  process  of  decomposing  the  bisnitrosylbenzyl  compounds.' 
The  latter  are  formed  by  oxidizing  the  )3-benzylhydroxylamines, 
2CeHaCH2 .  NHOH  +  Og  -  (CeHgCHgNO),  +  H^O 

and  with  sodium  ethylate  yield  a  mixture  of  the  two  geometrical 
isomers: 

(CeH5CH2NO)2  -  2CflH5CH:NOH  (syn  and  anti). 

But  in  other  cases  the  two  compounds  are  derived  from  different 
materials^  one  oximino-succinic  ester,  for  example,  being  prepared  by 
the  action  of  nitrous  acid  on  succino-succinic  ester,  and  the  other  by 
the  action  of  hydroxylamine  on  oxaloacetic  ester  ^: 

HOOC .  C( :  NOH) .  CHj .  COOH 

Oximino-succinic  e«ter. 

Kabilitsr  of  the  Xsom«rie  Ozimes.  It  must  not  be  supposed 
that  in  all  cases  the  number  of  isomers  corresponds  to  that  demanded 
by  the  theory.  The  unsymmetrical  monoximes  do  not  always  exist 
in  two  forms.  In  many  cases  the  isomer  is  missiug.  Among  the 
aromatic  aldoximes  only  one  oxime  of  o-tolylaldoxime,  o-anisaldoxime, 

>  Amer.  Chem.  J.,  1897, 10,  485.  ^  Ber.,  1889,  22,  604. 

'  Werner's  Lehrbueh  der  SUnochemie,  p.  270. 

«  Ebert,  Annalm,  1886,  220,  66 ;  Piutti,  Ber.,  1891,  24,  2287. 
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and  salicylaldoxime  is  known,  whilst,  with  the  exception  of  acetald- 
oxime,  oenanthaldoxime,  and  possibly  propionaldoxime,  no  stereoiso- 
meric  representatiyes  of  the  aliphatic  aldoximes  exist.  The  single 
aromatic  aldoximes  mentioned  above  areanti-aldoximes;  the  majority 
of  aliphatic  aldoximes,  on  the  other  hand,  are  syn-compounds. 
This  result  is  significant  when  combined  with  the  fact,  already 
discussed,  that  oximes  in  the  firee  state  frequently  exhibit  marked 
differences  in  stability.  Hantzsch  attributes  the  difference  to  the 
nature  of  the  radicals  attached  to  the  doubly-linked  carbon  atom, 
which  may  attract  or  repel  the  oxime-hydroxyl  in  its  vicinity. 
Working  on  this  basis  and  from  a  careful  study  of  a  variety  of 
aldoximes  and  ketoximes,  Hantzsch  has  drawn  up  a  table  of  radicals 
which  are  arranged  in  the  order  of  decreasing  attraction  for  the 
hydroxy!  group.     The  principal  members  are : 

1.  COOH.CH2;  2.  COOH;  3.  C^U^;  4.  CeH^X  ;  5.  C4H3S; 

6.  CnH2n+i;     7.  CH3. 

It  follows  from  this  table  that  the  syn  configuration  will  exhibit 
greater  stability  in  the  case  of  compounds  containing  radicals  which 
attract  the  hydroxyl-group,  whilst  in  those  in  which  the  radical 
repels  the  hydi-oxyl,  the  anti  configuration  will  be  the  more  stable. 
If  the  instability  of  the  second  isomer  is  such  as  to  prevent  its 
existence  under  ordinary  conditions,  the  absence  of  the  anti  configura- 
tion of  the  oxime  of  benzoylacetic  acid  and  of  the  syn  configuration 
of  acetophenone  is  readily  accounted  for : 

CaHk  .  C  •  GHoCXX/H  CnHe  .  C  CHq 

II  II 

N.OH  HO.N 

Oxime  of  Benzoylaoetic  Acetophenoneoxime. 

acid. 

The  absence  of  one  isomer  is  more  likely  to  occur  where  the 
radicals  are  drawn  from  the  extremes  in  the  scale,  whilst  oximes 
containing  radicals  drawn  from  the  middle  would  appear  to  have 
a  better  chance  of  a  stereoisomeric  existence.  Experience  seems 
to  justify  this  conclusion.  Ketoximes  G^Hg .  O(NOH) .  C0H4X,  con- 
taining the  aromatic  radicals  3  and  4,  form  sufficiently  stable  syn 
and  anti  configurations  to  be  isolated  without  difficulty  and  present 
the  greatest  variety  of  examples  of  this  kind  of  isomerism.  The 
relative  stability  of  these  compounds  is  also  subject  to  variation 
depending  on  the  nature  as  well  as  on  the  position  of  the  radical  X. 

A  word  must  be  added  on  the  position  of  hydrogen  in  the  scale. 
Its    behaviour   seems  capricious.     Whilst  in   aldoximeacetic  acid, 
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hydrogen,  by  its  strong  attraction  for  hydroxyl,  appears  at  the 
opposite  end  of  the  scale  to  methyl 

H.C.CH.,.COOH 

II 
HO.N 

it  shows  the  very  reverse  behaviour  in  the  benzaldoximes,  in  which, 
especially  in  the  ortho  series  (p.  154),  it  has  strong  proclivities  for 
the  aromatic  radical 

The  order  of  attraction  of  the  radicals  for  the  hydroxyl  will 
naturally  make  its  influence  felt  in  the  process  of  chemical  change, 
and  it  is  scarcely  surprising  that  such  decomposition  as  the  forma* 
tion  of  nitriles  from  the  aldoximes  and  ketozimecarboxylic  acids, 
as  well  as  the  production  of  anhydrides,  should  vary  with  the  nature 
of  the  radicals. 

Syn-aldoximes  and  carboxylic  acids  of  the  aliphatic  series,  such 
as  aoetaldoxime  and  the  oxime  of  pyruvic  acid, 

CH3.C.H  CH3.C.COOH 

II  II 

N.OH  N.OH 

Aoetaldoxime.  Oxime  of  pyruvic  acid. 

form  acetyl  derivatives  which  spontaneously  yield  the  nitriles, 
whilst  if  the  alkyl  is  replaced  by  an  aryl  radical  the  decomposition 
is  retarded. 

Sufficient  has  been  said  to  indicate  how  much  less  decisive  are 
the  methods  available  for  studying  the  configuration  of  the  oximes 
than  is  the  case  in  the  ethylene  series. 

Hydzmaones.    Stereoisomeric  hydi*azones  of  the  general  formula 

JNC«N.NHR 

frequently  appear  together  in  the  course  of  preparation  by  the 
ordinary  process  from  ketones  and  hydrazines,  and  can  then  be 
separated  by  fractional  crystallization.  In  other  cases  the  one  is 
transformed  into  the  other  by  the  action  of  reagents.  Fehrlin^ 
observed  that  the  hydrazone  of  o-nitrophenylglyoxylic  acid  yields 
an  isomer  on  dissolving  it  in  alkalis,  and  the  two  compounds  have 
different  melting-points,  crystalline  appearance,  and  solubilities,  but 
form  the  same  product  on  reduction.  Different  materials  may  occa- 
sionally give  rise  to  the  two  isomers.  One  of  the  isomeric  phenyl- 
hydrazones   of  anisylphenylketone   is  obtained   from   the   ketone 

»  Ber.,  1890,  23,  1574. 
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chloride,  whilst  the  second  is  derived  from  the  ketone  itselL^ 
They  differ  in  appearance  and  solubility,  and  one  is  slowly  trans- 
formed in  alcoholic  solution  into  the  other.  The  subsequent  dis- 
covery of  two  diphenylhydrazones  of  anisylphenyl  ketone,  which 
were  obtained  in  the  same  way,  excluded  the  probability  of 
structural  differences  in  the  two  series  of  isomers. 

Anschlitz  and  Pauly  obtained  from  dihydrozy-tartaric  ester  three 
isomeric  diphenylhydrazones,  two  of  which  pass  into  the  third  by 
heating  the  solution,  or  by  the  action  of  traces  of  iodine  or  sulphur 
dioxide.  Two  hydrazones  of  benzoyl-formaldehyde  were  pi'epared 
by  Bamberger  and  Schmidt,  and  isomeric  hydrazones  of  aldehydes 
have  also  been  obtained  from  benzaldehyde,  nitroformaldehyde, 
salicylaldehyde,  and  protocatechuic  aldehyde. 

In  addition  to  these  the  following  important  hydrazones  exist  in 
stereoisomeric  forms : 

Hydrazones, 

Acetaldehydephenylhydrazone 

Benzoinphenylhydrazone 

Cyanacetic  ester  phenylhydrazone 

Cyanacetic  ester  o-and  jp-tolylhydrazone, 
and  other  substituted  phenylhydrazones  of  cyanacetic  ester. 

Osaiones.  Stereoisomeric  osazones  are  also  known.  Geldemumn 
obtained  an  osazone  of  glyoxal  dicarboxylic  ester,  m.  p.  120-121%  by 
the  action  of  phenylhydrazine  in  alcoholic  solution.  Two  other 
isomers,  making  up  the  theoretical  number,  were  subsequently 
prepared  by  Anschtttz  and  Pauly.' 

ROOC .  C{:  N.  NHCeHfi).  C( :  N .  NHCeHg) .  COOR 

Osazone  of  glyoxal  dicarboxylic  ester. 

One  osazone  of  benzil,  m.  p.  206%  is  prepared  by  the  usual  pro- 
cess, that  is,  by  the  action  of  phenylhydrazine  on  benziL  The 
second  was  obtained  by  Ingle  and  Mann'  in  the  following  in- 
teresting way.  By  the  action  of  sodium  ethoxide  and  then  of 
iodine  on  the  alcoholic  solution  of  benzalphenylhydrazone,  dibenzal- 
phenylhydrazone  is  formed,  which  on  boiling  with  alkali  undergoes 
isomeric  change  and  passes  into  the  second  benzilosazone  ni.  p. 
226^• 

CeHg.  CH  :N .  N .  C^Ur,        C^Hs.  C:  N.  NHCeHo 


CcHg.  CH:N.  N .  C^Hs        CcH^.  C :N.  NHC^H^ 

^  Hantzsch  and  Kraft,  Ber.,  1891,  24,  8611 ;  Hantzsch  and  Overton,  Ber.,  1898. 
26.  9. 

^  Bsr.,  1895,  28,  64.  >  Trans.  Chem.  Soc.,  1895,  69,  606. 
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Isomeric  osazones  of  salieil,  aniail,  and  piperil,  have  also  been  ob- 
tained. The  c(»ifigaraiions  of  these  substanoee  are  still  doubtful  as 
no  trustworthy  method  for  ascertaining  them  has  yet  presented  itself. 

ntpheaiyltliioflemicarbMddes.  A  number  of  thiosemicarbazide 
compounds  are  described  by  Uarckwald.  Phenylhydrazine  combines 
with  phenylthiocarbimide  on  heating  the  alcoholic  solution  of  the 
mixture  thus : 

CeHfiN :  (38  +  CcHgNH .  NHg  =  CeHgNH .  C .  SH 

CfiH^NH .  N 

The  product  or  a-compound  melts  at  140^,  then  solidifies,  and 
melts  again  at  176-177^,  forming  the  )9-compound.  Heating  with 
a  drop  of  hydrochloric  acid  also  brings  about  the  conversion.  Each 
compound  gives  a  different  product  with  carbonyl  chloride,  from 
which  the  configuration  can  be  ascertained  : 

CeHjNH .  C .  SH        C0H5 .  N— C-«H 
CeHaNH .  N  C^U, .  N— N 

apCk>mpoimd  m»  p,  liff,        Carbonyl  compound. 

CeHfiNH .  C .  SH  CeHjNH .  C— S 

;         -  II  > 

N.NHCeHs  N— NCeHj 

^Compound  m.  p.  176-177^.        Carbonyl  oompound. 

Steveoekemistrj  of  the  lUaMMMmipoaiids.  Many  years  ago 
Gfiess  found  that  when  a  concentrated  solution  of  caustic  potash  is 
added  to  diaasobenzene  chloride,  a  colourless  crystalline  potassium 
diazotate  is  deposited,  which,  in  conformity  with  Eekul^'s  formula 
for  diazobenzene,  appeared  as  follows : 

CgHftNrN.OK. 

In  1894  Schraube  and  Schmidt  ^  made  the  curious  observation  that 
if  diazobenzene  chloride  and  strong  potash  solution  are  heated  to 
lSO-140^  a  new  crystalline  compound  of  great  stability  is  formed, 
which  is  isomeric  with  Griess's  salt.  Two  isomeric  derivatives  of 
l^nitrodiazobenzene  were  obtained  in  a  similar  way.  Not  the  least 
remarkable  of  the  characteristics  of  the  new  and  stable  isodiazotates  is 
their  inability  to  give  azo-colours  when  added  to  an  alkaline  solution 
of  a  phenol,  a  property  which  is  entirely  contrary  to  the  ordinary 
behaviour  of  diazobenzene  salts.    This  property  is,  however,  regained 

1  B«r.,  1894,  27,  514. 
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if  the  potasmum  salt  is  first  acidified  and  then  brought  into  the 
alkaline  solution  of  the  phenol.  Further  investigation  showed  that  if 
the  isodiazotate  of  potassium  is  acted  on  with  an  alkyl  iodide  or  acyl 
chloride,  a  phenylnitrosamine  deriyative  is  formed  of  the  formula 
CijHqNR.NO,  and  for  this  reason  Bamberger  regarded  the  new 
compound  as  the  potassium  salt  of  phenylnitrosamine : 

CeHgNK .  NO. 
The  insufficiency  of  this  deduction  was  shortly  afterwards  pointed 
out  by  von  Pechmann,  who,  by  using  the  silver  salt  in  place  of  the 
potassium  compound,  prepared  the  isomeric   ethers,   having    the 

formula: 

CeHg .  N  :  N .  OR. 

The  case  is  precisely  parallel  to  that  of  the  amides  and  aldozimes 
and  many  other  compounds  which  exhibit  tautomensm  (p.  183). 
HantzBch,  without^  it  must  be  admitted,  any  very  clear  evidence, 
explained  the  isomerism  of  the  two  diazotates  by  a  space  arrange- 
ment of  the  ethylene  or  oxime  type.  The  unstable  potassium  com- 
pound represented  the  syn,  the  stable  salt,  the  anti  configuration  : 

QH^N  CoH,N 

II  II 

KO.N  N.OK. 

Syn-diazotate  of  potassium.     Auti-diazotate  of  potassium. 

But  the  view  very  soon  received  substantial  support  from  Hantzsch's 
discovery  of  a  second  diazobenzene  sulphonate  and  diazobenzene 
cyanide ;  for,  imlike  the  diazotates,  these  substances  possess  no 
mobile  hydrogen  atom,  and  do  not  admit  of  tautomeric  change. 

By  the  action  of  potassium  sulphite  on  diazobenzene  chloride 
Fischer  had  prepared  potassium  diazobenzene  sulphonate : 

CeHgNiN.Cl  +  KjSOa  =  CeHfiNiN.  SO3K  +  KOI. 
By  performing  the  same  reaction  at  a  low  temperature  and  in  pre- 
sence of  sodium  carbonate,  the  new  and  highly  unstable  sulphonate 
is  obtained.    The  production  of  the  two  cyanides  is  e£fected  in  a 
similar  manner. 

Hantzsch  expressed  the  constitution  of  these  compounds  as  fol- 
lows: 

CeH,N  CeH^N 

II  II 

KO3S.N  N.SOsK 

Potassium  Diazobenzenesulphonatea. 

CeH,N  C,HsN 

H  U 

NC.N  N.CN 

Diazobenzene  cyanides. 
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This  view  was  strenuously  opposed  by  Bamberger,  who  adhered  to 
the  opinion  that  structural  and  not  stereoisomeric  differences  under-» 
Ke  the  constitution  of  the  two  series  of  compounds.  After  a  long 
controyersy  a  partial  roBprochemmt  between  the  views  of  Hantzsch 
and  Bamberger  was  at  length  reached.  Both  observers  are  now  dis- 
posed to  accept,  at  least  as  regards  the  salts  of  diazobenzene  with 
the  stronger  acid  radicals,  which  do  not  exhibit  isomerism,  the  for« 
mala  proposed  in  1875  by  Blomstrand.  These  compounds  behave 
like  ammonium  salts,  inasmuch  as  they  form  neutral  salts  and 
appear  from  their  electrical  conductivities  to  be  dissociated  in  aque- 
ous solution.  They  probably  contain,  like  the  ammonium  salts, 
qoinquevalent  nitrogen,  and    have  the  following  general  formula 

(X  »  aeid  radical) : 

CeHftNrN 


i 


Blomstrand's  fonnula. 

From  their  analogy  with  the  salts  of  ammonium  they  received  the 
name  of  diazonium  salts,  and  the  group  GeH^N :  N  was  called  the 
diazonium  group.  But  whilst  Bamberger  explains  the  two  series  of 
isomeric  diazo-compounds  by  the  diazonium  and  diazo  formulae,  that 
is,  as  differing  in  structure,  Hantzsch  retains  for  the  alkaline  diazo* 
iates,  the  diazosulphonatee,  and  cyanides  their  former  stereoisomeric 
relations* 

gtructujpal  Zdenti^  of  the  Diaio-oompounds.  The  reasons 
advanced  by  Hantzsch  for  regarding  each  pair  of  the  series  of  iso- 
meric diazo-compounds  as  structurally  identical  are  briefly  as  fol- 
lows ;  the  alkaline  diazotates  are  colourless  salts  resembling  those  of 
the  oximes  of  the  general  formula  >  C :  N .  OE.  Though  moi*e  or  less 
hydroljTsed  in  aqueous  solution,  like  salts  of  the  oximes,  it  is  unlikely 
that  either  salt  is  the  alkaline  derivative  of  diazonium  hydrate,  which 
is  a  strong  base  like  potassium  hydroxide.  Moreover,  both  diazotates 
behave  chemically  alike ;  they  are  reduced  to  hydrazones,  give  with 
benzoyl  chloride,  nitrosoacylanilides,  and  yield  nitramine  salts  on 
oxidation  ( Ar  ■>  aryl) : 

Ar .  N(C0CeH5)N0  Ar .  NA^ 

NitroBObenzoylanilide.  Potassium  nitramine. 

The  diazoeulphonates  dissociate  into  two  ions,  K*  and  ArNgSOs^ 
which  are  yellow  or  reddish  yellow  in  colour.  They  are,  therefore, 
not  diazonium  salts,  for  they  should  then  break  up  into  the  colour- 
less ions  ArNs*,  SOg'^,  and  K*.  As  alkalis  do  not  form  sulphonates, 
but  sulphites,  which  are  decomposed  by  acids,  it  is  unlikely  that 
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either  substance  in  question  is  a  diazonium  sulphite,  seeing  that  in 
addition  to  being  coloured  they  fail  to  give  the  ordinary  sulphite 
reactions. 

The  isomeric  diazocyanides  differ  from  alkaline  cyanides  in  being 
sparingly  soluble  in  water  and  in  showing  little  tendency  to  evolve 
hydrocyanic  acid  on  the  addition  of  acids,  but,  like  azo-compounds, 
they  are  coloured  and  dissolve  in  the  common  organic  solvents. 
They  both  yield  diazoamino-compounds  and  diazoimino-ethers  with 
the  elimination  of  cyanogen,  and  like  azobenzene  form  additive 
compounds  with  benzenesulphinic  acid  : 

Ar.  /Ar  Ar.  .CN 

>N— N<  >N— N< 

H^  ^SOAHo  W  NsO.CeHj 

Azobenzene-benzenesulphinic  acid.  Diazobenzenecyanide-benzenesolphinic 

aoid. 

Configuration  of  the  IMaio-compoimds.  The  distinction  between 
the  syn  and  anti  configuration  of  the  diazo-compounds  does  not  appear 
to  be  so  sharply  defined  as  between  the  syn-  and  anti-ozimes^  nor  are 
the  examples  of  isomerism  as  numerous. 

Hantzsch  assumes  similar  relations  to  exist  between  these  two  series 

of  diazo-compounds  as  between  the  stereoisomeric  ethylenes  and 

oximes,  that  is  to  say,  the  syn-compounds,  being  the  less  stable,  are 

the  more  reactive;  they  contain  more  available  energy.    It  follows 

that  the  isomer,  which  is  the  more  easily  reduced  and  oxidised,  the 

more  readily  converted  into  the  nitrosamide,  and  the  more  quickly 

combined  with  phenol  to  form  an  azo-colour,  is  the  syn-compound. 

It  is  probably  the  syn-compound  also  which  undergoes  the  ordinary 

decompositions  in  which  nitrogen  is  eliminated,  although  Hantssch 

considers  that  the  diazonium  salts  are  directly  susceptible  of  the 

same  change : 

ArN  Ar  N 

II        -         I        +       III 
XN  X  N 

The  reaction  is  parallel  to  the  breaking  up  of  the  syn-aldoxime  : 

H .  G .  C0IX5  H  C .  CmBif^ 

II  -        I         +       III 

HO.N  HO  N 

It  is  also  the  syn-compounds  which,  like  the  cis  ethylenes  and  syn- 
oximes,  have  the  lower  melting-point  and  the  greater  solubility.  The 
syn-diazotates,  sulphonates,  and  cyanides  all  behave  similarly. 
The  anhydride  fonnation  so  characteristic  of  cis-  and  syn-compounds 


t 
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has  its  {oobable  couaterpart  in  the  production  of  Jacobaen's  diazo- 
snlplude^ 


SH    OH  S 


C,H,<^ 


C,H,<  '^N 


<i>?  -  ro?  -  -ex- 


N  =  N  N 

of  Bamberger's  indazole, 

CH3    OH  CHg  CH 

CeH,/  I         ->    CeH,/^N    -.    CoH^/^N 

N  «  N  N  NH 

and  of  Wolffs  ^  and  Hantzsch's^  quinone  diaaddes, 

Ei 

HO— N  ' N 

Analogous  anti-reactions  are  unknown. 

iMUttic  Chaaigo  of  IMaio-coiiipoiincUk  The  syn-compounds 
follow  Ostwald's  rule,  according  to  which  the  more  labile  compound 
of  two  isomers  is  first  formed,  but  as  most  syn-compounds  pass 
spontaneously  into  the  anti  configuration,  and  as  the  change  is  not 
i«Tersible  in  the  ordinary  sense,  their  isolation  requires  8i>ecial  con- 
ditions. It  is  usually  effected  by  the  action  of  caustic  potash,  potas- 
Bittm  sulphite,  or  potassium  cyanide  on  the  diazonium  salts  in  alkaline 
solutions  and  at  low  temperatures.  It  should  be  added  that  the  greater 
lability  of  the  syn-compound  is  not  an  invariable  rule,  for  tribromo- 
diazobenzene  cyanide,  BrgC^H^ .  N2 .  CN,  can  only  with  difficulty  be 
converted  into  the  anti  form.  The  result  must  be  ascribed  to  the 
presence  of  bromine  in  the  nucleus,  a  fact  which  introduces  the 
interesting  question,  to  be  presently  considered,  of  the  effect  of  nuclear 
sabstitution  on  the  stability  of  the  isomers. 

There  appears  to  be  a  close  connection  between  the  diazonium  salts 
and  thesyn-diazo-compounds,  a  relation  which  Hantzsch  characterizes 
by  describing  the  syn-compounds  as  pseudo-diazonium  compounds. 
The  term  is  intended  to  imply  a  kind  of  'isomeric  change',  or 
'ionic  isomerism',  such  as  nitro-compounds  and  many  other 
substances  exhibit  in  aqueous  solution  when  they  pass  from  the 
normal  to  the  pseudo  condition  (see  p.  182) : 

-CH:NO.OH  ^    -CH^.NOg. 

Normal  form.  Pseudo  form. 

*  Amakn,  1900,  312, 126.  >  Ber.,  1902,  35,  888. 
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This  isomeric  change  of  diazoniam  to  syn-diazo  or  paeudo^liazoniuin 
salts  may  be  represented  as  follows : 

Ar      (0K,S03K,CN)  Ar    (OK,  SO3K,  CN) 

N:N 


i 


N-N 


a     K  +  Kca 

The  diazonium  or  normal  salts  are  stable  in  presence  of  acids,  but 
pass  into  the  syn-diazo  configuration  in  presence  of  alkalis,. alkaline 
sulphites,  or  cyanides.  The  reverse  change  is  effected  by  acids. 
Translated  into  electrolytic  parlance,  the  first  change  is  accelerated 
by  hydrozyl  ions,  the  second  by  hydrogen  ions.  In  dilute  aqueous 
solution  both  compounds  may  be  present  and  give  rise  to  equilibrium 
mixtures.  As  the  diazonium  salts  are  colourless,  whilst  the  diazo- 
sulphonates  and  cyanides  are  coloured,  the  change  may  be  obseryed 
from  the  colour  of  the  solution.  Anisdiazocyanide  in  dilute  aqueous 
solution  partially  dissociates  into  the  colourless  diazonium  cyanide ; 
in  stronger  solutions  the  coloured  diazocyanide  is  present.  In  the 
process  of  azo-colour  production  or  coupling,  Hantzsch  considers  that 
the  syn-compound  is  first  formed,  and  passes  into  the  anti  con- 
figuration : 

Ar  C0H4OH      Ar    CeH^OH     Ar 

I  III 

N:N+  -►    N«N        -^    N-N 

I  I 

X  H  XH  CeH^OH 

Diazonium.  Syn-azo.  Anti-azo. 

In  the  light  of  this  explanation  many  obscure  changes  become 

clear.    It  has  been  stated  that  the  anti-diazotates  lose  the  power  of 

coupling  with  phenols  until  the  solution  has  first  been  made  add 

and  then  alkaline.    The  acid  converts  the  anti-compound  into  the 

diazonium  salt,  which  in  alkaline  solution  passes  into  the  labfle 

S3^*diazo  configuration.    Indirectly,  therefore,  the  anti  may  pass  into 

the  syn  configuration,  thus  completing  a  cycle  of  changes  represented 

by  the  following  scheme  : 

ArN.Cl 


N 

ArN  ArN 

II         -^  II 

NaO.N  N.ONa 

In  conclusion,  a  word  may  be  added  on  the  effect  of  different 
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dementB  or  radicals  in  determining  the  stability  of  the  above  three 
fonns  of  diazo-oompounds. 

Hantzsch  points  out  that  the  more  positive  the  character  of  X  in 
AiJX^ .  X  the  greater  is  the  tendency  towards  the  formation  of  the 
diazo  complex*  Thus,  whilst  the  chlorides  are  colourless,  the  diazo- 
bromides,  thiocyanates,  and  iodides  in  the  solid  state  are  coloured,  the 
edoar  increasing  in  intensity  in  the  order  of  the  salts  given.  Positive 
groaps  in  the  nucleus,  on  the  other  hand,  favour  the  diazonium  type, 
negative  groiipe  the  diazo  type.  Thus,  trimethyl  syn  diazo-benzene 
cyanide  exhibits  a  tendency  to  dissociate  into  a  diazonium  ion,  whilst 
the  tribromo-derivative  has  the  opposite  effect,  and  forms  a  stable 
diazo-compound.  In  the  same  way  the  conversion  of  syn  into  anti 
diazoKiompounds  is  retarded  by  positive  and  accelerated  by  negative 
groups. 

Azo-compounds  which  should  exhibit  isomerism  of  the  diazo  type 
are  not  known  with  certainty.  It  is  still  doubtful  whether  the  two 
trinitro-azoioluenes  andi>-azoxytoluenes  of  Janovsky  ^  owe  their  exist- 
ence to  stereoisomeric  differences. 


STEREOCHEMISTRY  OP  QUINQUEVALENT  NITROGEN. 

The  discovery  of  stereoisomers  among  unsymmetrical  derivatives  of 
carbon  has  naturally  directed  attention  to  the  derivatives  of  quinqueva- 
lent  nitrogen  and  furnished  chemists  with  an  attractive  theme  for 
eq)6rimental  inquiry.  In  constructing  a  space  formula  for  quinqueva- 
lent  nitrogen  compounds,  two  conditions  must  be  kept  in  view.  By 
analogy  with  the  tetrahedral  form  applied  to  carbon,  the  geometrical 
figure  should  be  of  a  simple,  symmetrical  type.  Further,  it  must 
l)e  remembered  that  the  quinquevalent  nitrogen  compounds  are 
usually  derived  from  tervalent  compounds  by  addition  of  two  groups 
(of  which  one  is  acidic),  and,  from  what  has  been  previously  stated, 
the  three  groups  in  tervalent  compounds  are  in  one  plane  with  the 
nitrogen  atom. 

Yan't  Hoff'  represented  quinquevalent  nitrogen  by  a  cube,  of 
which  the  nitrogen  atom  occupies  the  centre;  the  five  bonds  or 
valency  directions  being  indicated  by  lines  drawn  frt>m  the  centre 
to  five  comers  of  the  cube.  The  linkages  are  all  equal  in  length, 
but  the  angles  which  1,  2,  8  make  with  4  are  smaller  than  with  5. 
Although  these  three  linkages  do  not  lie  in  one  plane  with  the 

'  Ber.,  1889,  22,  40,  1172. 

^  AnticMen  ^Uber  die  org.  CUmim.,  1878,  1,  80. 
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nitrogen  atom,  being,  according  to  van 't  Hoff,  displaced  by  the  in- 
fluence  of  the  acid  radical  5,  they  are  supposed  to  take  up  this 

position  when  the  nitrogen  becomes  terva- 
lent.    The  remaining  two  linkages  4,  5  lie 
along   a   diagonal  of   the  cube  (5  « acid 
radi<»d). 

Willgerodt  ^  suggests  that  the  bonds  of 
quinqueyalent  nitrogen  are  directed  towards 
the  summits  of  two  superposed  tetrahedra, 
represented  by  Fig.  22  or  more  simply  by 
Fig.  28.  The  original  valency  directions 
1,  ^  3  of  the  tervalent  nitrogen  are  unaltered  and  lie  in  the  plane 

4  4 


Fio.  21. 


S 
Fio.  28. 

of  the  two  contiguous  faces  of  the  double  tetrahedron.  The  fourth  and 
fifth  groups  (which  include  the  acid  radical)  are  attached  to  4  and  5. 

A  third  arrangement,  that  of  a  four-sided 
pyramid,  in  which  nitrogen  occupies  the  centre, 
has  been  proposed  by  Bischof^'  Fig.  24. 

The  acid  radical  is  supposed  to  occupy  the 
apex  of  the  p3rramid,  and  the  other  four  radicab 
are  grouped  round  the  four  comers  of  the 
square  base.  The  pyramidal  formula  may  be 
conyeniently  denoted  by  a  plane  projection  of 
the  following  form : 


Fia.  84. 


Fie^  25. 

A  difficulty  arises  in  attempting  to  derive  the  pyramidal  formula 

»  J«wni.  prakL  Cfcem.,  1890,  41,  291.         *  Bw.,  1890,  28,  1971. 
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frail  a  tervalent  nitrogen  group  with  three  linkagee  in  one  plane 
without  some  alteration  in  the  valency  direction.  But  before  dis- 
coflsmg  more  fully  the  merits  of  the  three  formulae  we  will  turn  to 
the  experimental  data. 

A  quaternary  ammonium  salt  of  the  formula  NajbX  may  be 
formed  in  two  ways,  either  from  Naj  +  bX  or  from  "Sajb  +  aX. 

The  cube  and  double  tetrahedron  formulae,  which  may  practically 
be  considered  as  one,  require  that  the  two  compounds  should  be 
iBomeric, 

b 


Cb 


€b 


a 


Cb 


Cb 


Fio.  26. 

whereas   the   pyramidal   formula   demands   that   they   should  be 
identicaL 

The  experimental  evidence  is  somewhat  conflicting.  V.  Meyer  and 
Lecco^  found  that  trimethylethylammonium  iodide  prepared  from 
trimethylamine  and  ethyl  iodide  and  from  dimethylethylamine  and 
methyl  iodide  were  identical  and  not  isomeric. 
Le  Bel,'  on  the  other  hand,  obtained  two  different 
crystalline  chlorides  and  chloroplatinates  of 
tnmethylisobutylammonium  by  combining  the 
radicals  in  a  different  order.  In  other  cases, 
such  as  the  chloroplatinate  of  benzyl  triethylam- 
monium,  trimethylpropylammonium,  trimethyl- 
ethylammonium,' &c,  prepared  in  two  different 
ways,  no  difference  in  crystalline  form  was  observed.  As  the 
chlorides  and  chloroplatinates  of  primary  and  secondary  amines,  as 
well  as  of  quaternary  bases  containing  the  same  four  radicals,  fre- 
quently exhibit  dimorphism  in  their  salts,  it  is  possible  that  the 
differences  noticed  by  Le  Bel  are  due  to  the  same  cause.  A  con- 
siderable number  of  experiments  have  been  made  in  the  attempt  to 

'  B0r.,  1S74,  7,  1747;  1876,  8,  288,  986. 

'  OmpL  rend.,  1880,  UO,  145;  1891,  U2,  725;  BuU.  Soc.  C%tm.,  1890  (8),  4,  104. 

'  Sehryrer  and  Collie,  Pnc  Okem.  Soc,  1891,  7,  89. 
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obtain  stereoisomers  of  the  type  Na2bcX.  The  double  tetrahedron 
requires  three  isomers,  of  which  one  is  asymmetric  and  should  yield 
optical  enantiomorphs : 


X 

Indivisible. 


X 

IndiTisible* 
Fio.  2a» 


X 

Diyiaible. 


The  pyramid  formula  should  yield  two  isomers,  one  of  which  is 
asymmetric  and  divisible : 


Indiyisible. 


Diyisible. 


Fio.  29. 


Among  the  first  attempts  to  obtain  quinquevalent  compounds  of 
this  type  are  those  of  Schryyer  and  Collie,^  who  succeeded  in  preparing 
dimethylethylisoamylammonium  chloroplatinate  by  introducing  the 
radicals  in  three  different  ways.  When  the  process  was  conducted  in 
the  cold,  two  crystalline  modifications — rhombic  and  monoclinio — 
were  obtained.  The  monoclinic  readily  changes  into  the  rhombic 
form  on  warming.  As  in  the  cases  already  described,  there  is  no 
eyidence  that  the  phenomenon  is  not  due  to  dimorphism. 

A  more  comprehensive  examination  of  this  type  of  quatemaiy 
compound  has  been  made  by  H.  0.  Jones,*  who  found  that  even 
when  the  combination  of  the  tervalent  group  with  the  alkyl  iodide 
was  effected  in  the  cold  only  one  product  was  formed.  This  product 
could  noif  be  resolved  into  active  enantiomorphs  by  Pope  and 
Peachey's    method   (to   be   presently   described   in    detail),  which 


^  Pne.  Ohem,  Soc,  1891,  7,  89. 


*  Trant.  CKm.  8oc.,  1908,  83, 1400. 
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consisted  in  Fecrystalliziiig  the  c^camphorsulphonate  or  d-bromo- 
camphoiBulphonate  of  the  base.  Other  attempts  in  this  direction 
hy  different  observers^  have  been  equally  unsuccessful,  with  the 
exceptions  of  those  of  Aschan,' who  obtained  two  isomers  of  ethylene- 
propylene-dipiperidinium  dibromide^  and  also  of  ethylene-trimethyl- 
ene-dipiperidinium  dibromide  and  diiodide,  by  combining  piperidine 
with  alkylene  bromides  in  two  ways : 

CH2  ^^2  OB.2  OM2  CM2  Cxig 

CH^CH,    Br   CH  CH^    Br   CHg  CH, 

Ethylene-propylene-dipiperidinuim  dibromide. 

0X12  CH2  0X12  OM2  OII2  Oxl2  OM2 

^^<r>-?-<r    >-?-<^^^^ 

O1I2  OIX2    Sr    OM2  Olxg    Sr   CM2  OM2 

Ethylene-trimethylene-dipiperidinium  dibromide. 

We  come  now  to  the  type  NabcdX,  which  on  the  whole  affords  the 
most  interesting  and  conclusive  results.  The  number  of  possible 
isomers  is  much  increased.  The  double  tetrahedron  requires  four, 
the  pyramid  three  isomers,  all  of  which  are  asymmetrical  and  should 
be  divisible  into  optical  enantiomorphs.  Some  of  the  first  members 
of  this  type  were  obtained  by  Wedekind,^  who  prepared  phenyl-ethyl- 
methyl-allyl  ammonium  iodide  in  three  ways.  Nevertheless,  only 
one  product  was  obtained.  The  alleged  difference  between  phenyl- 
benzyl-allyl-methyl  ammonium  iodide,  obtained  by  the  action  of 
methyl  iodide  on  benzyl-allyl-aniline,  and  that  produced  by  combin- 
ing allyl  iodide  with  methyl-benzyl-aniline,  or  benzyl  iodide  with 
methyl-allyl-aniline,  has  now  been  traced  to  an  error  of  observation, 
the  first  of  the  two  being  actually  phenylbenzyldimethyl  ammonium 
iodide.^  Several  other  products  which  at  first  appeared  dissimilar 
have  since  proved  either  to  be  identical  or  to  have  a  different 
composition.* 

The  first  successful  attempt  to  resolve  a  compound  of  the  type 
NabcdX  into  its  enantiomorphs  was  made  in  1891  by  Le  Bel ',  who 

^  Menaohutkin,  ZeU,  phya.  Chem.,  1895, 17,  226;  Evans,  Trans.  Chem,  8oc.y  1897, 
71,522 ;  Wedekind,  Ber.j  1899,  82,  527. 
*  Ber.,  1899,  32,  988 ;  Z€it  phys,  Chem.f  1908,  40,  804. 

'  B9r.,  1908,  86,  8791.  *  H.  O.  Jones,  Trans,  Chem,  8oc,  1905,  87,  1721. 

'  Ber.,  1902,  36,  178.  *  CampL  rend.,  1891, 112,  724. 
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submitted  a  solution  of  methyl-ethyl-propyl-isobutyl  ammonium 
chloride  to  the  action  of  the  mould  peniciUium  glaiucumy  when  the 
solution  became  feebly  laevo-rotatory,  Qd  «  -  7®  to  —8**. 

The  active  chloride  was  isolated  as  chloroaurate  and  chloroplatinate 
and  analysed  and  converted  into  the  acetate^  which  was  also  active, 
but  the  activity  disappeared  when  the  platinum  or  mercury  double 
salt  was  decomposed  by  hydrogen  sulphide.  Doubt  was  thrown 
upon  the  result  by  Marckwald  and  Droste-HuelshofiF,  but  it  was 
reaffirmed  by  Le  Bel,  who  announced  that  he  had  succeeded  in 
preparing  active  solutions  of  other  compounds  by  the  same  method. 
The  results  achieved  by  Pope  and  Peachey,^  by  Pope  and  Harvey,' 
and  by  H.  O.  Jones'  are  of  a  much  more  decisive  character.  Pope 
and  Peachey  succeeded  in  resolving  Wedekind's  a-phenyl-benzyl-allyl- 
methyl  ammonium  iodide  by  converting  it,  by  means  of  the  silver 
salt,  into  the  d-camphorsulphonate,  and  fractionally  crystallizing  the 
latter  from  acetone  and  ethyl  acetate,  solvents  which  prevent  dis- 
sociation and  therefore  diminish  the  chances  of  optical  inversion. 

The  two  camphorsulphonates  were  then  decomposed  with  potassium 
bromide  and  iodide  and  converted  into  the  corresponding  bromides 
and  iodides  of  the  base.  The  bromides  showed  a  rotation  of 
[ajo  =  +64.1°  and  -65.0*^  and  the  iodides  of  +56-8°  in  chloroform 
solution. 

The  formation  and  configuration  of  quinquevalent  nitrogen  com- 
pounds have  been  placed  in  a  clear  light  by  H.  O.  Jones/  Adopting 
Bischoff's  pyramidal  configuration  as  the  most  Sjrmmetrical  and 
affording  the  smallest  number  of  possible  isomers,  and  further 
assuming  the  plane  arrangement  of  tervalent  nitrogen  groups,  the 
passage  of  tervalent  to  quinquevalent  compounds  is  represented  by 
the  following  scheme : 


^> 


a- 


k:--^ 


d  be 


a- 


^  7hm«.  OhwL  8oe.,  1899, 76,  1127. 
'  Tnu^  Chem.  Soe.,  1901,  79,  828. 

'  Trans,  Otmn.  Soc.,  1908,  88,  1400;   1904,  86,  228;   1905,  87,  186;  see  also 
Wedekind,  JBer.,  1906,  88,  8988,  and  Scholtz,  £er.,  1905,  88,  595,  1289. 
*  Trans.  Chem,  Soe.,  1905,  87, 1728. 
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The  proeeas  repreeents  an  unstable  intermediate  stage  which 
changes  to  the  stable  pyramidal  form,  and,  by  the  addition  of  the 
groups  dX  inr  the  two  possible  ways,  gives  enantiomorphous  oon- 
figurations.  It  is  easy  to  explain  also  why  the  formation  of  the 
eompomid  NabcdX  from  Nabc  and  dX,  or  from  Nabd  and  cX,  &c., 
should  always  give  one  product^  since  one  arrangement  there  must  be 
more  stable  than  the  others,  and  equilibrium  would  be  established  in 
this  position  during  the  intramolecular  change.  Considering  only 
<me  of  the  enantiomorphs,  the  process  would  probably  take  place  as 
foDows : 


-< 


i 


i 


a 


A 


a— 
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It  18  easy  to  understand  also,  £rom  this  point  of  view,  the  absence 
of  isomers  of  the  type  NagbX  or  NajbcX,  each  of  which  may  be 
supposed  to  assume  an  arrangement  which  does  not  admit  of  resolu- 
tion into  enantiomorphs.  Using  the  projection  formulae,  in  which 
the  dotted  lines  denote  the  plane  of  symmetry,  the  arrangement  will 
appear  thus : 


Fig.  80. 


STEKEOCHEMISTRY  OF  OTHER  ELEMENTS 

Optically  Active  Svlphnr,  Selimigm,  Tin,  and  Silicon  Gent- 
Ponadfl.  Pope  and  Peachey's  discovery  of  optically  active  nitrogen 
impounds  was  soon  followed  by  that  of  optically  active  sulphur, 
selenium^  and  tin  compounds.  The  active  sulphur  compounds  were 
obtained  from  methylethylthetine.*   The  bromide  was  decomposed  by 

*  Trans.  Chem.  Soc.,  1900,  77, 1072. 
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silver  d-camphorsulphonatey  and  the  salts  so  obtained  repeatedly 
crystallized  from  alcohol  and  ether. 

CaHfi.        .CHg .  COOH 

CH3         SO3G10HJ5O 
Hetbjlethylthetine  cftrnphorsulphonate. 

A  fraction  was  obtained  which  melted  at  118-120°  and  showed 
a  rotation  of  [M]d  "■  +68°,  whereas  that  of  the  dnsamphorsulphoiiic 
acid  is  [M]d  «  +  62°.  With  the  d-bromocamphorsulphonate  the  frac- 
tion melted  at  166-168°,  and  gave  a  rotation  [M]d  «  +  290°  instead  of 
[M]d  »  275°  the  rotation  of  the  acid.  The  salt  was  decomposed  by 
platinic  chloride  in  an  alcoholic  solution  containing  hydrochloric 
acid,  and  yielded  a  platinum  salt, 

^C2H5.        yOH2 .  CO2H  \ 

CH3^    XII  A 

which  gave  a  rotation  of  [M]d  —  +  80*8°. 

About  the  same  time  Smiles^  obtained  the  methylethyl  sulphine 
compound  of  co-bromacetophenone, 

CHa^    ^Br 

which  he  succeeded  in  resolving  into  its  active  enantiomorphs  by 
Pope  and  Peachey's  method  of  crystallization  of  the  (i-bromocamphor- 
sulphonate.  The  {-compound  is  less  soluble  than  the  d-enantiomoipli 
and  separates  out  first.  From  the  alcoholic  solution  the  sulphines 
were  precipitated  as  picrates,  and  showed  a  rotation  in  acetone 
solution  of  -9*2°  and  +8-1*'.  The  observations  have  since  been 
revised  by  Pope  and  Neville,  who  obtained  much  higher  rotations. 

Active  selenium  compounds  were  obtained  by  Pope  and  Neville  * 
from  phenylmethyl  selenetine  bromide,  which  was  converted  into 
the  d-bromocamphorsulphonate  and  submitted  to  fractional  crystalli- 
zation. Two  salts  were  obtained  melting  at  168°  and  161°,  which, 
when  converted  into  the  chloroplatinates,  showed  a  rotation  of 
[M]  n  «  +  55°  and  -  54*3°  in  acetone  solution. 

CeH^.         .CHa.COOH\ 

>Se(  |PtCl4 

CR/      \a  /a 

From  both  d>bromocamphorsulphonates  mercuric  iodide  gave  the 
same  inactive  mercuric  iodide  double  salt,  and  precipitation  with 
potassium  mercuric  iodide  also  produced  racemisation. 

*  Tram.  Ckem,  Soe.,  1900,  77,  1174.  '  Proc,  Chem.  8oe.,  1902,  18,  196. 
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Aefcive  tin  eompoondB  were  obtained  by  Pope  and  Peachey  ^  by 
the  method  of  Cahours  and  Ladenburg  by  the  following  aeries  of 
rettctions: 

2Sn(CHa)3l  +  Zn(C^6)2  =  2Sn(CH3)3C,H5  +  Znig 
Sn(CH3)3C2H5  + 12  =  Sn(CHs)jC2H5l  +  CH3I 
2Sn(CH3),C2H5l  +  ZnCCaH,)^  =  2Sn(CH3),(C,H JCCjH,)  +  Znl^ 
Sn(CH3)^C2H5KC3H,)  + 1^  «  SnCCHjXC^H J(C3H,)I 

The  product  is  an  oil  which  boils  at  270''.  With  silTer  d-camphor- 
solphanate  it  yields  the  corresponding  salt,  which,  after  fractional 
crystallization,  melts  at  126°.  It  shows  a  rotation  in  dilute  solution 
of  [M]x,  =  +  96°,  which  corresponds  to  a  rotation  of  [M]  d  —  +  45®  for 
the  zadical  Su{GIL^Gfif;^CJ^^}. 

Potassium  iodide  precipitates  the  iodide  of  the  tin  compound  from 
a  solution  of  the  d-camphoisulphonate  as  an  oil,  which  shows  an 
unaccountable  variation  in  rotatory  pcrwer,  the  highest  obseryed 
rotation  being  [ajo  «  +  23®  in  ethereal  solution. 

The  solution  of  the  d^samphorsulphonate  exhibits  a  remarkable 
phenomenon  on  evaporation,  depositing  only  the  d-ealt  and  none  of 
the  2-ealt.  This  is  accounted  for  by  the  rapid  racemisation  of  the 
l-ealt,  in  consequence  of  which  the  less  soluble  d-salt,  as  it  is  deposited, 
is  accompanied  by  a  further  racemisation  of  ^8alt,  until  the  whole 
is  converted  into  dextro-salt  The  salt  of  the  i2-bromocamphor- 
aulphonate  showed  a  similar  behaviour. 

Various  attempts  to  obtain  active  quinquevalent  phosphorus  and 
arsenic  compounds  have  so  far  been  unsuccessful.  lodonium  com- 
pounds of  the  formula      \l — X  have  also  refused  to  separate  into 

\/ 
active  components,  from  which  it  is  concluded  that  the  three  bonds, 
like  those  of  tervalent  nitrogen,  lie  in  one  plane  with  the  iodine 
atom.*    An  asymmetric  silicon  compound  of  the  formula : 

Si(C7H7KCaH5XC3H,)OH 
has  been  prepared  by  Kipping,'  and  has  recently  been  resolved. 
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CHAPTER  V 

ISOMERIC  CHANGE 

Although  our  views  on  isomerism  have  of  late  years  reoeiyed 
a  much  wider  interpretation  than  formerly  owing  to  the  reoognition 
of  the  space  arrangement  of  atoms,  experience  has  taught  us  that 
among  some  classes  of  compounds  structural  isomerism  is  subject  to 
certain  limitations  which  were  not  foreseen  by  the  original  theory. 

For  example,  attempts  to  prepare  propylene  alcohol  from  /3-bromo» 
propylene  by  the  usual  methods  always  result  in  the  production  of 
acetone: 

CHg.  CBr  rCttj-^CHg.  qOH):CHa  -♦  CH3.OO.  CH3 

and  in  the  same  way  vinyl  bromide  invariably  yields  acetaldehyde 
instead  of  the  isomeric  alcohol :  ^ 

CHg  :  CHBr  -*  CH^ :  CH(OH)  -♦  CH3 .  CHO 

This  result  appeared  so  general  that  Erlenmeyer,'  who  carefully 
studied  the  reaction,  concluded  that  'all  secondary  alcohols  in 
which  two  bonds  of  the  radical  ai'e  saturated  by  two  bonds  of 
a  carbon  atom  are  transformed  at  the  moment  of  their  formation 
into  the  aldehyde,  &c.' 

The  change  may  be  represented  by  the  transference  of  a  hydrogen 
atom  from  the  oxygen  to  the  carbon  : 

C  CH 

II    \      ^      I 
C.OH  C:0 

The  same  idea  was  utilized  by  Baeyer  to  explain  the  non-existence 
of  the  second  isomer  of  isatin.*  Baeyer  obtained  two  ethyl  isatins, 
one  of  which  gave  potassium  isatin  on  hydrolysis  (alcohol  being 
at  the  same  time  removed),  and  the  other  the  potassium  salt  of 
ethylaminophenylglyoxalic  acid.     They  were   termed   respectively 

>  AnneUmy  1878,  192,  119.  '  Ber.,  1880, 18,  809. 

*  JBrr^  1888, 16,  2188. 
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ethyl  isatiii  and  ethyl  peeudoiaatin,  and  Mrete  distinguished  as  the 
normal  or  lacfim  form  and  tiiepsmdo  or  ladam  form : 

CO  00 

C«H,/\c .  OC^Hs  C,H«/NoO 

N  NC,Hg 

Ethyl  iMtin  (laetim).  Ethyl  paeudoisatin  (Uotun). 

There  is,  haweiver,  only  one  isatin,  to  which  Baeyer  somewhat 
arbitrarily  assigned  the  formula : 


00 
C,H4<(>C .  OH 

N 


The  non-existence  of  the  second  or  pseudo  form  was  accounted 
for  by  the  wandering  of  the  hydrogen  atom  from  the  nitrogen  to 
the  more  stable  position  beside  the  oxygen  atom. 


In  a  paper  'Ueber  die  MOglichkeit  mehreter 
Stroktorformeln  ftlr  dieselbe  chemische  Yerbindung'  Laar'  drew 
attention  to  the  phenomenon  of  one  substance  doing  duty  for  two 
fltnietural  isomers  and  proposed  for  it  the  name  tatUomerism  (ravro, 
the  same ;  fUpo9f  a  part).' 

He  refers  to  the  case  of  isatin ;  to  the  identity  of  two  substances 
which  might  be  expected  to  possess  different  formulae,  one  of  which 
is  formed  by  the  action  of  diasobenzene  chloride  on  a-naphthol  and 
the  other  by  that  of  phenylhydrazine  on  a-naphthaquinone ; 

OH  ? 


/%/\ 


/\/\ 


N  =  N.C,H5  N.NH.CH, 

also  to  the  twofold  character  of  nitrosophenol  or  quinoneoxime,  which 
on  the  one  hand  behayes  like  a  phenol  and  gives  nitrophenol  and 

'  Ser.,  1886, 18, 648. 

'  Various  other  names,  such  as  psewktimrismy  meroircpism,  dMmofropism,  trcpo* 
mriam,  haye  been  applied  to  the  same  or  a  similar  phenomenon. 
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aminophenol  by  oxidation  or  reduction,  and  on  the  other  is  converted 
by  hydroxylamine  into  a  dioxime  after  the  manner  of  a  ketone. 

OH  ? 


v 

N.OH 

He  also  discuBses  the  structure  of  acetoacetic  ester,  which  has 
now  become  the  classical  example  of  tautomerism. 
'  The  question  as  to  whether  acetoacetic  ester  should  be  represented 
by  Geuther's  formula  as  ^-hydroxycrotonic  ester  or  by  Frankland's 
formula  as  a  ketone  has  been  one  of  the  long-debated  problems 
of  organic  chemistry. 

CHa .  C(OH) :  CH .  COOC2H5        CH3 .  CO .  CH^ .  COOC^Hj 

Qeuther's  formula*  Frankland*8  formula. 

The  eyidence,  which  is  derived  from  its  chemical  behaviour,  will 
be  seen  to  be  very  conflicting.  The  facts  adduced  in  favour  of 
Frankland's  formula  are  as  follows : 

Acetoacetic  ester  with  its  alkyl  derivatives  is  decomposed  by  dilute 
alkalis  into  acetone  or  its  homologues ;  nitrous  acid  converts  it  into 
isonitroso  acetone ;  it  gives  the  usual  reactions  for  ketones,  forming 
hydroxybutyric  acid  on  reduction  and  yielding  additive  compounds 
with  hydrogen  cyanide  and  sodium  bisulphite. 

Moreover,  it  combines  with  hydroxylamine  to  form  )8-oximino- 
butyric  ester,  and  with  phenylhydrasine  to  form  a  hydrazone^  both 
of  which  lose  alcohol  and  pass  into  their  respective  anhydrides, 
methyl  oxazolone  and  phenylmethyl  pyrazolone. 

CH3  •  C .  CH2 .  CO  CH3  •  C  •  CH2  •  CO 

II       I  II 


N O  N N .  C^Hft 

Methyl  oxazolone.  Phenylmethyl  pyrazolone. 

By  the  action  of  iodine  on  the  sodium  compound  diaoetosuccinio 
ester  is  formed,  although  it  has  since  been  shown  that  this  is  not 
the  only  product  of  the  reaction  (p.  192). 

CH3.CO.CH.COOC2H5 
CH3.CO.CH.COOC2H5 

Biacetosuooinic  ester. 

Again,  acetic  anhydride  yields  so  small  a  quantity  of  an  acetyl 
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derivatnre  that  the  presence  of  a  hydroxy!  group  seems  very  im- 
probable,  whereas  acetyl  chloride  acting  upon  the  sodium  compound 
of  the  ester  gives  mainly  diacetoacetic  ester.  Finally,  Claisen  has 
shown  that  the  behaviour  of  aoetoacetic  ester  is  different  from  that 
of  certain  unsaturated  alcohols  of  the  type  of  Oeuther's  formula 
which  readily  react  with  acetic  anhydride,  &c.  (p.  288). 

One  fact  which  is  strongly  in  favour  of  Oeuther's  formula  is  the 
acidic  character  of  the  ester,  which  enables  it  to  form  a  sodium 
aalt^  a  well-defined  and  crystalline  copper  salt  and  a  violet  coloured 
ferric  sail  Although  it  is  true  that  acetylene  forms  metallic  deriva- 
tives in  which  the  metal  is  associated  with  carbon,  it  is  not  very 
probable  that  this  will  occur  when  the  much  more  electronegative 
oxygen  is  available  for  salt  formation.  Again,  the  action  of  chloro- 
formic  ester  on  the  sodium  compound,  instead  of  yielding  wholly  acetyl 
malonic  ester,  gives  midnly  a  carbonic  ester  of  the  formula  ^ : 

CHa .  qo .  COOK) :  CH .  COOC^Hfi 

and  although,  as  previously  stated,  acetyl  chloride  acting  on  the 
sodium  compound  gives  diacetoacetic  ester,  if  the  acid  chloride  and 
the  ester  react  in  presence  of  pyridine,  the  acetyl  derivative  of 
hydroxycrotonic  ceteris  formed.*  Furthermore,  ammonia  and  amines 
yield  amino  and  alkylamino  crotonic  esters  of  the  general  formula : 

CHj .  C(NB2) :  CH .  COOCjjH.., 

The  union  of  acetoacetic  ester  with  other  organic  compounds  in 
whidi  water  is  eliminated  is  often  more  simply  represented  by  the 
faydroxyl  than  the  ketone  formula,  as,  for  example,  the  formation 
of  methyl-coumarin  from  phenol ' : 

AOH 


\y  |H  +  HOjC :  CH .  COOCgHj 

CHa 


:CH.OO 


+  H.0  +  C-H«OH 


z'^y 


CHa 

'  HlehMl,  J.  prakt  Omn,,  1888  (2),  37,  478 ;  1891,  45,  680 ;  1892,  46,  189. 
*  CUiaen,  Ber,,  1888,  21,  8897,  8667 :  1892,  25,  1760 ;  Glaisen  and  Haase,  Ber.f 
1900,  88, 1242,  8778. 
s  V.  Peehnuum  and  Doisbarg,  Bit.,  1888, 16,  2119. 
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Although  the  alkyl  groups,  which  are  introduced  by  the  action 
of  alkyl  iodides  and  acetyl  chloride  on  the  sodium  compound  of 
aceioacetic  ester,  attach  themselves  to  the  carbon  of  the  methylene 
group,  the  reaction  does  not  necessarily  imply  a  ketonic  structuFB 
of  the  sodium  compound,  for,  as  Michael  has  suggested,  it  may  be 
represented  equally  well  by  the  foUowing  scheme,^  in  which  an 
additive  compound  with  the  alkyl  iodide  is  first  formed  and  is 
succeeded  by  the  separation  of  sodium  iodide : 

CH3 .  qONa)  :  CH .  COOC2H5  +  CH3I 
ONa 

=  CH3 .  C CH .  COOO2H5  =  CH3.  CO .  CHCCHa).  COOC^Hg  +  Nal 


{ 


CH 


These  are  some  of  the  arguments  which  have  been  advanced  in 
support  of  the  two  formulae.  It  is  now  generally  conceded,  for 
reasons  which  will  be  discussed  presently,  that  whilst  free  aceto- 
acetic  ester  consists  mainly  of  the  ketonic  form,  the  solid  sodium 
compound  must  be  represented  by  the  isomeric  )9-hydrozycrotonic 
ester. 

Since  Laar  drew  attention  to  the  subject  in  1885  cases  of  tauto- 
merism  have  rapidly  multiplied.  Before  discussing  the  later  de- 
velopment of  the  subject  a  short  account  will  be  given  of  a  few 
of  the  principal  types  of  tautomeric  compounds,  that  is  to  say, 
compounds  which  possess  a  double  function,  but  are  commonly 
represented  by  only  one  substance. 

If  we  examine  the  examples  of  tautomerism  which  have  been 
given,  we  shall  find  that  the  structure  of  the  compounds  is  such 
that  it  allows  of  the  formation  of  isomers  by  the  transference  of 
a  hydrogen  atom  from  one  polyvalent  element  to  another,  accom- 
panied by  a  corresponding  change  in  the  linkages.  This  structure 
depends,  therefore,  on  the  presence  of  certain  groupei^ 

A  convenient  plan  of  classifying  the  greater  number  of  tautomeric 
compounds  has  been  proposed  by  Laar,  who  divides  them  into  cUfodSt 
consisting  of  two  polyvalent  elements  linked  together,  from  one  to 
the  other  of  which  the  hydrogen  atom  may  be  supposed  to  travel ; 
triadSj  in  which  the  original  two  polyvalent  elements  are  separated 
by  a  third  (which  is  of  necessity  at  least  tervalent),  so  that  the 
hydrogen  has  now  to  travel  from  the  first  to  the  third  element  in 
the  chain,  and  so  forth. 

>  Miehael,  J.  prakt.  Chm.j  1888,  37,  487;  1892,  46,  205;  1899,  00,  816. 
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Sjads.    Hydrogen  cyanide  may  be  taken  as  repreeentative  of 

a  dy«d  group  and  its  structure  denoted  by  one  of  the  following 

formulae: 

NiC.H  or  C:N.H  or  CiN.H 

For  whilst  only  one  hydrogen  cyanide  is  known,  there  are  two  series 
of  alkyl  derivativesy  the  cyanides  or  nitriles  and  the  isocyanides  or 
csrbamines.  The  sulphinic  acids  or  sulphones  are  also  dyads,  for  the 
one  substance  forms  two  series  of  compounds  ^  derived  from  the  two 
forms: 

0:8. OH  HSC 

»  I  Ao 

Hethyl-pyrazole,  described  on  p.  187,  may  also  be  included  in  the  class 
of  dyads,  for  the  one  compound  gives  rise  to  two  N-phenyl  derivatives 
and  must  be  represented  by  the  formulae ' : 

HC C  •  CH3  HG C  •  CH3 

HH  N 

Hethyl-pyrazole. 


HCI 


k/- 


Triads.  The  following  aie  the  common  types  of  triad  grouping, 
in  which  the  central  atom  of  the  triad  is  carbon  or  nitrogen  and  the 
end  atoms  carbon,  nitrogen,  oxygen  or  sulphur.  These  types  furnish 
the  most  numerous  and  familiar  examples  of  tautomerism.  The 
symbols  X  and  Y  stand  for  radicals  and  (8)  for  sulphur. 


XC— O— CY 

C— O— 0(8) 
.\H/ 
G-C— N 


N— 0— O  (8) 
XN— C— NY 
C— N— 0(8) 


N— N— O 

N— N— 0 

XN— N— NY 


Only  the  more  important  examples  of  the  above  types  will  be 
described. 

Vaaatozatad  Kydrooarbon  Type.    The  tjrpe  may  be  formulated 

thus: 

XC:C.CHY  XHO.CrCY 

III  III 

This  form  of  change  is  not,  as  a  rule,  included  among  examples  of 
tautomerism  for  the  reason  that  both  isomeric  forms  are  usually 

>  Otto  and  Boasing,  Bar.,  1892,  26,  230. 
*  Knorr,  Annalm,  1894, 279, 198. 
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stable  substaneas  and  can  be  easily  isolated,  whereas  the  original 
conception  of  tautomerism  was  associated  with  one  substance  forming 
two  deriyatives.  The  interoonversion  of  the  isodibutylenes  described 
by  Butlerow^  and  discussed  on  p.  208  is  one  example  of  this 
change. 

(0H3)aC :  CH .  C(CH3)8    T^    CH^  :  CCCHj) .  CH j .  C(CHa)3 


The  conversion  in  hot  alkaline  solution  of  /3y  unsaturated  acids 
into  a^  unsaturated  acids  observed  by  Fittig '  and  others  furnishes 
another  example  (p.  458). 

RCH  : CH . CHa . COOH    -♦    BCHg.  CH:CH.COOH 

Other  cases  of  the  same  kind  are  the  conversion  of  P*  into  a-phenyl- 
propylene,  of  eugenol  into  isoeugenol,  of  dihydrocarvone  into  carve- 
none^  &C. 

CeHftCHg .  CH :  CHa    ->     CflHgCH :  CH .  CHj 
iB-Phenylpropylene.  a-Pbenylpropylene. 


;H:CH.CH8 

laoeugenoL 

CH  •  CHg 
H,c/\0O 


I 


HaCX     JCH 


CH3  •  CH  •  CH3 

Canrenone. 


CHa  ^  C  •  CH3 

Dihydrooarrone. 

The  above  changes,  which  for  convenience  may  be  described  as 
tautomeric,  have  in  certain  cases  been  shown  to  be  reversible,'  and 
are  usually  ascribed  to  the  intervention  of  water  which  is  alternately 
added  and  removed  (p.  204). 

XC:C.CHY  +  HaO    ^    XCH .  0(0H) .  CHY 
^    XCH.C:CY  +  HaO 

It  should  be  recognized  that  this  tjrpe  may  fiimish  cases  of  real 
tautomerism  like  benzene,  as  formulated  by  Eekul6,  which  yields  only 
one  instead  of  two  ortho  di-  derivatives,  or  the  glutaconic  acid  of 

^  AtmioHmu  1877,  ISO,  76. 

<  Ar.,  1891,  24,  82;  1824,  87,  2677 ;  JLtuiabii,  1894,  288,  129;  1896,  800,  1. 

•  jlinuricn,  1894,  288,  47. 
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Thorpe,^  the  aP  and  fiy  dimethyl  derivatiYeB  of  which  are  not 
isomeric  but  identical  (p.  208). 

Set<hSiiiil  Tjrp€-  This  type  includes  acetoacetic  ester  and  most 
of  the  more  carefully  studied  examples  of  tautomerism.  The  two 
forms  may  be  represented  by  the  general  scheme : 

0-C— CH<  HO— C-C< 

I  t 

Keto  form.  Enol  form. 

In  accordance  with  a  suggestion  of  BrQhl  the  one  is  called  the 
fefo  Jbrm  and  the  other  the  enol  firm.  The  number  of  examples  of 
this  type  is  very  large  and  embrMes  the  1.8  diketones  like  aoetyl- 
aeetone  GH,  •  00 .  CHj .  GO •  CHa^  the  fi  aldehydic  and  ketonic  esters, 
like  fonnyl  and  acetoacetic  ester,  and  substances  like  malonic  and  cyan- 
aeetie  ester,*  the  sodium  salts  of  which  are  probably  represented  by 
the  formulae : 

EO .  CO .  CH  :  C(OK)ONa  CN .  CH :  C(OR)ONa 

It  also  includes  numerous  cyclic  compounds  like  phloroglucinol,^ 
^ydroresorcinol/  succino-suocinic  ester,  °  phenanthrone,*  and 
camphor/  which  function  both  as  phenols  and  ketones. 

Thus,  phloroglucinol  yields  a  trioxime  and  dihydroresorcinol 
a  dioxime; 

Co..,  C/Mg 

HON :  c/\c :  NOH  H.,c/Nc :  NOH 


Hg  H^CK.     JOH2 

:  NOH  C :  NOH 

Phloroglaeinol-triozime.  Bihydroreeoroinol-dioxixne. 

whereas  phenanthrone  and  camphor  form  derivatives  of  both  the 
ketonic  and  enolic  type : 

C0H4  •  CHS        CaH^  •  CH 

II        I     II 

C,H4 .  CO  G,Kt .  COR 

Phanuithrone. 
^CHB  .CH 

\00  ^COR 

•^  _  ^ 

Oftinphor. 

'  Tnmi.  Ck§m.  Soc,  1906,  87,  1M9.       >  Thorpe,  Tran$.  Chmn,  5oc.,  1900, 77,  928. 
'  Bae7«r,  Air.,  188S,  18,  8454 ;  1891,  24,  2687. 

*  Xerling,  Amtakn,  1898,  S78,  20.  •  Baeyer,  Ber.,  1889,  22,  2168. 

*  Japp  and  Findlay,  Tran$,  Chenu  See.,  1897,  71,  1116. 
^  Vonter,  Trans.  Chem,  Soc.,  1901,  79,  987. 
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Cyaad3Mbidi»  Typ«<    Examples  of  the  third  type  on  the  list 
(p.  177)  are  not  numerous : 

>CH— C  -  N  >C  -  C— NH 

I       I  I 

but  E.  Yon  Meyer's '  diaoetonitrile  which  exists  in  two  modifications 
may,  if  it  is  not  a  case  of  geometrical  isomerism,  represent  one : 

CH..CN  CH.CN 

II 
NH  C .  NHj 


k 


CH3  UH3 


C»H,y T~  CsHm/  I  ■ 

^CO  XX) 


and  cyanooamphor  and  cyanoform '  others : 

^OH.C:N  .C:0:NH 

^CO 

CSysnooamphor. 

(CN)jCH.C:N  (CN)jj .  C :  C :  NH 

Cyanoform. 

Here  again  both  isomers  are  known  and  the  change  from  one  to  the 
other  is  reversible. 

Amide-Zmidol  TSTpe-  Substances  like  isatin  also  belong  to  the 
triads,  of  which  the  two  structures  may  be  denoted  by  the  general 

formulae : 

0  =  C— NH  HO— C  =  N 

11  II 

They  are  usually  distinguished  as  amide  and  imidol  or  normal 
and  pseudo  forms,  or  in  the  case  of  cyclic  structures  as  lactam  and 
lactim  forms.  The  earliest  examples  of  this  class  are  isatin,  indoxyl, 
and  ozindol,  which  form  stable  derivatives  of  both  types,  but  in  the 
free  state  are  represented  by  only  one  substance.  The  simple  amides 
have  similar  properties.  They  have  been  studied  by  Tafel  and 
Enoch,'  Comstock*  and  Claisen."  For  example,  the  silver  salts 
of  formanilide  and  benzamide  when  treated  with  ethyl  iodide  yield 
ethyl  derivatives  which  are  isomeric  with  the  compounds  obtained  in 
a  similar  manner  from  the  sodium  salts. 

As  the  latter  yield  the  ethyl  derivative  of  the  amine  on  hydrolysis 
they  will  possess  the  amide  structure,  those  from  the  silver  salt  the 
imidol  structure. 

>  J.  prakt.  Chetn.,  1896,  52,  88. 

■  Hantzsoh  and  Osswald,  Ber.y  1899,  82,  641. 

'  Ber.,  1890,  23,  1650.  *  Amer.  Chem,  J.,  1892,  13,  514. 

*  Annnam,  1896,  287,  861. 
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From  the  sodium  salt 

Ethyl  benzamide  . .  CeH^CX) .  NHC2H5 
Ethyl  foimaniUde  .  GeHGNCC^Hs) .  CHO 


From  the  silver  salt. 
CeH^qOC^Hg) :  NH 
CeHgNrCHCOCgHs) 


It  would  be  natural  to  conclude  that  in  the  sodium  salts  the  metal  is 
attached  to  nitrogen,  and  in  the  silver  salts  to  oxygen ;  but  if  alkyl 
substitution  takes  place  by  addition  of  alkyl  iodide,  as  Michael 
soggested  in  the  case  of  acetoacetic  ester  (p.  176),  it  is  not  necessarily 
the  case.  The  observations  of  Lander  ^  on  the  simultaneous  produc- 
tion of  both  alkyl  derivatiyes  by  the  action  of  alkyl  iodide  on  the 
sQver  compound,  or  by  the  combined  action  of  alkyl  iodide  and  silver 
oiide,  make  it  probable  that  both  silver  compounds  are  present.' 

There  are  numerous  cyclic  compounds  which  exhibit  a  similar 
behaviour  to  the  amides.  Familiar  examples  are  cyanuiic  acid  and 
hydroxycaffeine,  which  exist  as  single  substances,  but  yield  two  series 
of  isomeric  esters  derived  from  the  following  structural  forms : 


N 


HO.c/Nc.OH 


C.OH 


NH 

oc/\co 
hnLJnh 

CO 


Cyanuric  a«id. 


CHaN — CO 

CO    C— NCH3 

I        II      >C.OH 
CH,N — C— N 


CH,N — CO 


i-jxi \jyj 

CO    c— 


CHgN- 
Hydrozyoaifeine. 


NCH; 

>C0 
-NH 


8 


Examples  might  be  multiplied*  To  the  same  type  also  belong 
tile  a-  and  y-hydrozy  derivatives  of  pyridine,  which  react  both  as 
hydroxypyridines  and  pyridonee,  and  form  two  series  of  alkyl 
derrvativee. 


\^ 


KO 


s^JC.OH 

N 


H 

o-Hydroxypyridine  or  a-Pyridone. 


*  Trmu.  <a»»m.  Soc,  1908,  88,  418. 

'  TiOierley,  Tnm$.  Otm.  Soc,  1897,  71,  488 ;  1901,  79,  407. 

'  Manskwald,  Bar.,  1892,  36,  2864 ;  Dixon,  2Van«.  (Hum.  Soc,  1899,  75,  876. 
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C!0 


C.OH 


NH  N 

T-HydroxypyridJne  or  7-Pyridone. 

ThlounidA-TliioiiBidal  Typ«.  The  thioamidea,  both  in  open 
chain  and  cyclic  struoturos,  commonly  exhibit  tautomerism  like  the 
amidee,*  and  in  some  cases  both  isomeric  forms  are  known.* 


S-0— NH 

I      I 

Thioamide. 


HS-C-N 

i       I 

Thioimidol. 


Oxim»-PM«idoziai6  Tjrpe.  Many  oximes  are  known  in  two 
stereoiflomeric  forms;  but  in  addition  they  occasionally  exhibit 
tautomeriam.  Thus,  each  of  the  benzaldoximes  forms  two  series  of 
alkyl  deriyatiTes  corresponding  to  different  structural  formulae : 

CeHgCH— NH 
OeHjOHiN.OH  \/ 

Oxime.  ^ 

Pbeudoxime. 

which  are  distinguished  as  oxime  and  pseudoxime  ethera  They 
have  been  studied  by  Luxmoore,^  who  succeeded  in  preparing  both 
ethers  from  syn-  and  anti-aldoxime  (p.  189).  Tautomerism  has  also 
been  obsenred  among  nitroso  compounds,  which  are  sometimes  inter- 
convertible with  aldoximes.^ 


CH.NO 


>C«N.OH 


Vitro-Vs«ndonitro  T^po-     Tautomerism  is  represented  by  the 

two  forms: 

O  O 

>CH— N«0  >C  =  N— OH 

Hantzsch  and  Schultze  *  found  that  the  ordinary  liquid  phenylnitro- 
methane  dissolves  in  a  solution  of  sodium  hydroxide.  From  this 
solution  acids  precipitate  in  the  cold  a  solid  isomer,  which  gives 
a  reddish-brown  coloration  with  ferric  chloride,  and  changes  spon- 

>  Marakwald,  Btr^  1896,  20,  2920.  *  Hugershoff,  B9r.,  1899,  89,  8649. 

*  IVoiw.  Gft«m.  &&,  1896,  69,  177 ;  see  also  Ihinstan  and  Goulding,  ibid^  1901, 
79,  628 ;  Whiteley,  ibid,,  1908,  88,  24. 

«  Sohmidt,  Bir.,  1902,  86,  2828,  2886,  8727;  Pilotz  and  Steinbock,  £^.,  1908, 
86,  8114;  Bamberger  and  Pemsel,  Btr.,  1908,  86,  67,  85. 

*  Ber.,  1896,  20,  699,  2251. 
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taneoualy  into  the  liquid  modifieation.     The  two  isomers  are  repre- 
sented by  the  following  formulae : 

CeHjCHj .  NOj  CeH^CH :  NO .  OH 

Phenylpsendonitromethane.  Fhenylnitromethane. 

Similar  results  have  been  obtained  with  other  nitro  compounds.^ 


Typ«*  The  geometrical  isomerism  exhibited 
by  the  diazo-compounds  has  already  been  discussed  (p.  160),  but  in 
addition  the  isomers  are  capable  of  imdergoing  tautomeric  change 
of  the  triad  type: 

— N  =  N— OH  HN— N  =  O 

Sehraube  and  Schmidt,'  for  example,  showed  that  the  stable  sodium 
Silt  of  |)-nitrodiazobenzene  and  methyl  iodide  gives  nitrophenylmethyl 
nitroeamine,  whereas  von  Pechmann,'  by  using  the  silver  salt, 
obtained  the  isomeric  nitrodiazobenzene  methyl  ether. 

(NOjJCeHiN :  NOCHg  (NOaK^eH^NCCHg)  •  NO 

Nitrodiazobenzene  methyl  ether.        Nitrophenyl  methyl  nitrosamine. 

The  case  resembles  very  closely  that  of  the  two  series  of  alkyl  anilides 
(p.  181). 

Aao-Kydraaoiid  Type.  This  is  another  example  of  a  triad  type  of 
tautomeric  compound,  and  may  be  represented  as  possessing  either 
a  hydrazone  or  azo  structure. 

'''   •^  >C  =  N— NH  >CH— N  =  N— 

Hydrazone.  Azo-compound. 

Reference  has  already  been  made  to  the  feu^t  that  diazobenzene 
chloride  and  a-naphthol  give  the  same  product  as  that  obtained 
by  the  action  of  phenylhydrazine  on  a-naphthaquinone  (p.  178). 
R.  Meyer  ^  has  shown  that  the  compound  obtained  by  combining 
diazobenzene  chloride  with  malonic  ester  and  then  hydrolysing  the 
{«oduct  is  the  same  as  that  which  is  formed  by  the  action  of  phenyl- 
hydrazine  on  meeoxalic  acid,  and  it  may  therefore  be  formulated 
either  as  a  hydrazone  or  azo-compound. 

CeH^NH .  N :  qC00H)2  CaHg .  N  :  N .  OH .  (COOH), 

Hydrazone.  Azo-eompoond. 

Whichever  formula  is  selected,  one  reaction  must  involve  a  tautomeric 
change.    The  choice  of  the  formula  has  been  the  subject  of  much  dis- 

*  Konowaloff,  JBer.,  1896,  29,  2198 ;  Hantzsch,  Bdr.,  1899,  82,  607. 

*  Bar.,  1894,  27,  518.  »  Ber.,  1894,  27,  672. 
'  Ber.,  1888»  21, 118;  1891,  24,  1241. 
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cuflsioiiy  but  the  weight  of  evidence  seems  to  be  on  the  side  of  the 
hydrazone  structure.^  That  the  non-appearance  of  the  second  form  is 
due  to  its  instability  seems  probable  from  Fischer's  observation'  that 
azophenylethyl  OeHgN  :  N  •  €2115,  which  is  prepared  by  the  oxidation 
of  symmetrical  phenylethylhydrazine  G0H5NH .  NHG2H5  with  mei^ 
curie  oxide,  is  readily  converted  into  the  isomeric  acetaldehyde 
phenylhydrazone  by  the  action  of  mineral  acids,  and  also,  as  Bam- 
berger'' showed,  by  sodium  ethoxide.  The  reverse  change  is  pro- 
duced by  light.* 

A  tautomeric  change  of  a  somewhat  different  type  has  been  studied 
by  Baeyer,"  who  brings  evidence  to  show  that  the  product  of  the 
action  of  phenylhydrazine  on  phloroglucinol  and  similar  compounds 
is  not  a  hydrazone  of  the  keto  form,  but  a  hydrazide,  and  that  tauto- 
meric change  is  brought  about  by  the  wandering  of  a  hydrogen  atom 
from  a  carbon  of  the  benzene  nucleus  to  the  nitrogen  of  the  hydrazone 
radical,  which  he  explains  in  the  following  way: 

CH  CH 


0:C/\):N.NH.CeH5  (HO)qf^ .  NH .  NH .  CeH, 


a 


(XJ0H2 


C  0 

n  I 

N .  NHCeHj  NH .  NHC,H, 

A  aimilar  case  is  that  of  the  hydrazone  of  camphor  quinone,  which 
has  been  obtained  by  Betti'  in  both  isomeric  forms. 

/C.NtN.CeHj  /C:N.NH.C.H. 

CgHiZll  C8Hu< 


\C .  OH  \C0 


▲midine  T7P^«  In  this  type  of  tautomeric  compound  the  hy- 
drogen is  transferred  from  one  nitrogen  atom  to  another. 

XNH— C  =  NY  XN  «  0— NHY 

1  1 

The  simplest  example  is  cyanamide,  which  has  properties  correspond- 
ing to  both  the  formulae  NH^.  G  :  N and  NH:G:NH. 

Other  examples  are  the  amidines.  By  combining  benzanilido- 
iminochloride  with  j>-toluidine,  von  Pechmann  "^  obtained  the  same 

^  Japp  and  Klingemann,  Annalen,  1888,  247,  190;  Freer,  Anur.  Chem,  J.,  1899, 
ai,  14 ;  Thiele  and  Heuser,  AtinaUn,  1896,  290,  1 ;  BQlow  and  Qanghofer,  Ber.t 
1904,  87,  4169. 

*  Annalen,  1879, 199,  828;  Ber.j  1896,  20,  798. 

*  Sdr.,  1908,  86,  66.  ^  Chattaway,  Proe,  Ckem.  Soc.,  1906,  82,  86. 

*  Ber,,  1891,  24,  2688. 

*  Bar.,  1899,  82,  1995 ;  see  also  Lapworth,  T^ans.  Chem,  Soc,  1902,  81,  1508. 
T  Ber.,  1896,  28,  869,  2862. 
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product  as  that  from  benz-i>-toluidim]nochlorid6  and  aniline,  instead 
of  two  different  compounds  of  the  formulae : 


C.H 


••"5 


\n.c 


C.H 


«Hj 


«-"6 


.</' 


\NH .  C«H 


6"6 


Although  the  same  phenyl^p-tolylbenzamidine  is  produced  in  the 
two  reactions,  it  nevertheless  gives  rise  to  two  different  ethyl  deriva- 
tiyes  of  the  formulae : 


yN.CeHs 


C«H 


6**5 


N(C2H5)CeH5 


which  von  Pechmann  identified  by  comparing  them  with  the  com- 
pounds  obtained  from  the  corresponding  iminochlorides  by  the  action 
of  ethylaniline  in  one  case  and  ethyl^iT-toluidine  in  the  other.  In 
other  cases  only  one  alkyl  derivative  was  obtained ;  methylnaphthyl- 
benzamidine  yields  only  one  methyl  derivative,  from  which  von 
Pechmann  concluded  that  tautomerism  occurs  only  if  the  radicab 
are  similar  in  character. 

Among  certain  classes  of  amidine  compoimds  both  structural 
isomers  are  formed.  Yon  Pechmann^  succeeded  in  isolating  both 
phenylanilbenzamidines  from  the  product  of  the  action  of  phenyl- 
hydrazine  on  benzanilideiminochloride, 

yN.C«H,  /NHC.H5 

\] 


'6-"6^ 


.NH.NH.aH 


6"6 


y  NHC.H5 

>N .  NH .  CeHg 


and  Walther '  has  found  as  many  as  four  isomeric  compounds  of  the 
fonnula 

CH3  .  CeH^N :  CH .  NHCeHg  and  CeHgN :  CH .  NH .  CeH^CHg, 

some  of  which  must  represent  geometrical  as  well  as  structural 
isomers. 

Other  examples  of  the  same  kind  are  the  formazyl  derivatives  of 
von  Pechmann '  and  Wallach  *  of  the  general  formula : 

HCr 

\N :  NR«  \n  .  NHR" 

and  the  guanidine  compounds  of  Forster/  Harokwald  and  Wolff,' 


HC/' 


'  Btr.,  1895,  28,  2866. 
»  Ber,y  18W,  27, 1679. 
*  Afmaien,  1875,  175,  85. 


>  J,  prakU  C»«m.,  1897,  56,  41. 
«  AnndUmy  1882,  214,  209 ;  Ber.,  1888, 16,  147. 
•  Ber^  1892,  25,  8116. 
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and  Huhn,'  which  are  represented  in  each  case  by  only  one  substamee : 


yNR»  A 

C,HjNH .  of  C,HjNH .  C< 


»NR»  /NHR» 

*NR» 


Yeiy  similar  in  character  also  are  the  nittoso-aldehydrazones  of 
Bamberger  and  Pemsel,*  which  are  yeiy  unstable,  and  pass  sponta- 
neously into  the  isomeric  azoaldoximee. 

/NO  ^N . OH 

R.C<  R.Cf 

%N.NH.C,Hg  \N:N.C«H5 

Nevertheless,  in  a  few  cases,  both  isomeric  forms  have  been  isolated 

DiaaMMunino  Tjrp««  Tautomerism  is  exhibited  by  diazoamino 
compounds,  which  contain  the  triad  group. 

XHN— N  =  NY  XN  =  N— NHY 

When  diazobenzene  chloride  acts  upon  toluidine  a  different  product 
would  be  anticipated  from  that  produced  by  the  action  of  diazotoluene 
chloride  upon  aniline. 

CyH^NH .  N :  N .  CeHg  C7H7N :  N .  NHCaH, 

Benzenediazoaminotoluene.  Toluenediazoaminobenzene. 

Meldola  and  Sti*eatfeild '  have  proved  that  the  compounds  obtained 
in  this  way  are  not  isomeric  but  identical. 

VirtiuJ  and  Fimctioiial  Tautomerini.  Where  tautomerism  is 
expressed  by  two  structural  forms  denoting  similar  chemical  pro- 
perties, such  as  the  amidine,  formazyl,  guanidine,  and  diazoamino 
types  just  described,  von  Pechmann  employs  the  term  vhrtuMX  to 
distinguish  it  from  fu/nctioml  tautomerism,  in  which  the  structure 
of  the  tautomeric  forms  expresses  a  difference  of  function,  such  as 
the  tautomerism  of  the  keto  and  enol,  amide  and  imidol,  nitroso 
and  oxime  compounds,  and  in  fact  the  great  majority  of  tautomeric 
compounds. 

Tautomarimi  of  KeteiKN^irclio  Compoiinda.  The  identity  of 
the  methyl  pyrazoles  obtained  by  Enorr  *  from  1-phenyl  3-methyI- 

^  £er.,  1886,  18,  2404.  '  Bw.,  1908,  30,  86. 

>  Trana.  Ohem,  Soc.,  1887,  51,  102,  484;  1888,  63,  664;  1889,  66,  412 ;  1890,  57, 
785. 

*  Anntden,  1894,  279,  188. 


TAUTOMERISM  OP  HETEROCYCLIC  COMPOUNDS    187 

and  I^henyl  S-methyl-pyrazole,  by  removing  the  phenyl  group,  is 
a  Tsry  interesting  example  of  tsutometism. 

N.C,H,  N.CjHg 

I'phenyl  S-methyl-pyrazole.  1-phenyl  S-methjl-pyrazole. 

The  removal  of  the  phenyl  group  would  be  expected  to  yield 
two  structural  isomers. 

Np  NH 

CU — fcj .  CH«  HO 


H 


CH 


The  existence  of  one  substance  can  only  be  explained  by  the 
wandering  of  a  hydrogen  atom  from  one  nitrogen  atom  to  a  more 
Btabfe  position  beside  the  adjoining  nitrogen  atom,  or,  as  Knorr  has 
suggested,  by  the  oscillation  of  the  hydrogen  atom  between  the  two 
positions,  which  is  practically  synonymous  with  a  mixture  of  the 
two  forms.  This  view  is  supported  by  the  fact  that  a  mixture  of 
two  dimethyl  pyrazoles  is  formed  on  methylation.  The  case  is 
exactly  parallel  to  the  formation  of  two  ethyl  derivatives  of  phenyl- 
Mylbenzamidine  (p.  185). 

How  complex  cyclic  tautomerism  may  become  is  seen  &om 
mother  case  in  which  Knorr  ^  obtained  three  methyl  derivatives  of 
phenyl  methyl  pyrazolone.  They  are  regarded  as  derivatives  of  the 
following  tautomeric  forms : 

N.CeHg  N.CeHfi  N.CeH^ 

oc/\n  oc/^nh  ho  .  C^N 

H4O h.CUo         H0=Jc.CH3  HcU — k).CU^ 

Qniiunid  Type.  A  typical  example  is  the  compound  nitroso- 
phenol  already  referred  to,  which  is  obtained  both  by  the  action 
of  nitrous  acid  on  phenol  and  of  hydroxylamine  on  quinone,'  and 
Quty  therefore  be  represented  by  two  structural  formulae: 


*  Ber.,  1895,  28,  706.    See  also  Fischer  and  Rigaud,  Ber.,  1901,  34,   4202 ; 
^iele  and  Bilehner,  AtmcUm,  1906,  S47,  258. 
'  iioldschmidt,  Ber.,  1884, 17,  218. 
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OH 


NO  II 

N.OH 

NitroBophenol  or  Quinoneozime. 

It  is  customary  to  adopt  the  second  of  the  two  formulae,  since 
the  compound  yields  alkyl  and  acyl  derivatives  of  the  oxime  type 
and  a  diozime  with  hydroxylamine.  Moreover,  the  green  or  blue 
colour,  which  is  charactei-istic  of  true  nitroeo  compounds,  is  absent. 

Both  yellow  and  red  modifications  of  oximes  derived  from  oreinol 
and  j8-naphthol  ^  have  been  described,  but  whether  they  represent 
the  nitroso  and  oxime  structure  is  uncertain. 

The  colour  of  the  azo  and  other  dyes  is  frequently  referred  to 
the  quinonoid  structure,  which  the  hydroxy-azo  and  amino4uso 
compounds  are  supposed  to  assume  by  a  process  of  tautomeric 
change. 


^<Z>^-^<Z>    -*     0-<(3-K.NH<3 


HaN<(        ^N-N<(        y 


HN 


.<(3.N.NH<(3> 


The  phenomenon  of  fluorescence  is  also  ascribed  to  tautomerism 
of  a  special  kind.' 

Lactone  Tjrpa.  Lactone  tautomerism  is  applied  to  cases  of 
tautomerism  where  an  interchange  of  atoms  may  occur  between 
groups  in  the  ortho  or,  in  open  chain-compounds,  in  the  y-position. 
liebermann '  found  that  aldehydophthalic  acid  assumes  the  functions 
of  a  lactone  or  hydroxyphthalide  (p.  330), 

COOH  CO 


\/\ 


CHO 


H.OH 


and  it  is  well  known  that  phthalyl  chloride  and  o-sulphobenzoyl- 
dichloride  behave  in  some  cases  as  if  both  atoms  of  chlorine  were 

>  Henrich,Jrofiate^,1897,18,142;  KehnttaiinaiidZimmerli,£^.,1898»81,2417. 
*  Hewitt,  Proc,  Chem.  Soc,  1900, 10,  8. 
9  JSsr.,  1896,  29,  176,  2080. 
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attached  to  the  same  carbon.'    Each  compound  must  therefore  be 
r^reeented  by  two  formulae : 

XJOCl  ^^'^ 

CcH«<  C,H«<>0 

\ooa  v^ 

Phthalyl  chloride. 
JOOGl  J?^ 

c,H4<;  c,H,<;>o 

^M  so, 

SulphobenzoyI  dichloride. 

Qyiuuttic  Isomers  or  Ilesmotropic  Compounds.  It  will  be  seen 
from  the  foregoing  examples  of  tautomerism  that  Laar'a  oonoeption 
of  one  substance  representing  two  structural  isomers  has  not  been 
consistently  adhered  to,  for  several  cases  are  cited  in  which  both 
isomers  anticipated  by  theory  are  known.  The  latter  have  been 
called  dj^namic  isomers  or  sometimes  desmoirqpic  compounds  to  dis- 
tinguish them  from  the  single  or  tautomeric  substance.  Dynamic 
isomers  differ  in  no  respect  from  ordinary  isomers  but  in  the  feust 
that  they  are  more  or  less  readily  interconvertible.  There  is  little 
doubt  that  this  convertibility  or  metamorphosis  of  isomeric  substances 
IS  the  idea  which  Berzelius'  had  in  mind  when  he  introduced  the 
term  metamerism,  although  the  example  of  cyanuric  and  cyanic 
aeid,  which  he  selected  to  illustrate  it,  is  one,  not  of  isomeric,  but 
of  polymeric  change  (p.  9). 

Fresh  light  has  been  thrown  on  the  subject  of  tautomerism  by 
the  discovery  of  both  structural  forms  of  the  familiar  and  peculiarly 
labile  (keto-enol)  type  of  tautomeric  compounds.  Its  immediate 
result  has  been  to  demonstrate  the  futility  of  the  method  hitherto 
adopted  of  attempting  to  ascertain  the  structural  formula  of  a  tau- 
tomeric compound  from  that  of  its  derivatives  or  from  the  chemical 
behaviour  of  the  compound  itself.  It  has  been  shown  that  the 
extreme  mobility  of  one  or  both  of  the  isomers  renders  them  liable 
to  isomeric  change,  not  only  in  presence  of  a  reagent,  but  frequently 
by  a  rise  of  temperature  or  the  mere  action  of  a  solvent. 

It  may  thus  happen  that  the  lower  melting  isomer  may  fuse, 
and  as  the  temperature  rises  may  again  solidify  and  remelt  when 
the  equilibrium  temperature  is  reached.    That  point  will  not  be,  as 

*  Onebe,  Ber.,  1888,  18,  860 ;  Aug^r,  Ber.,  1888,  21,  Ref.  610 ;  B«r.,  1891,  24, 
Bef.  S19;  Bemsen,  Amer,  Ckem,  J.,  1896,  18,  792;  List  and  Stein,  Ber.,  1898,  31, 
1648;  R.  Meyer,  Ber.,  1895,  28, 1577. 

*  Jahrmb.,  1882, 12,  68. 
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Claisen  supposed,  the  true  meltiiig-point  of  the  second  isomer,  but 
the  fdsion  temperature  of  the  equilibrium  mixture  (p.  200). 

Both  Chtisen  and  von  Pechmann  had  already  pointed  out  the  un- 
certainty of  chemical  reactions  as  indicative  of  structure.  They 
adopted  a  method  of  comparison  whereby  they  claimed  to  demon- 
strate by  the  behaviour  of  certain  hydrozymethylene  compounda, 
such  as  formylacetic  ester,  formylpropionic  ester  and  hydroxy- 
methylene  camphor  (see  p.  283),  that  they  are  true  hydroxyl  com- 
pounds, partaking  partly  of  the  character  of  alcohols,  partly  of  that 
of  adds.  As  in  no  case  do  the  substances  in  question  exhibit  the 
characteristics  of  the  acetoacetic  ester  type  of  compound,  they  con- 
cluded that  the  latter  has  a  ketonic  and  not  an  enolic  structure.' 

Among  the  earliest  examples  of  dynamic  isomers  are  acetyldi- 
benzoylmethane,  tribenzoylmethane,  and  mesityloxideK>xalic  ester 
discovered  by  daisen.'  The  first  two  compounds  were  obtained  by 
the  action  of  benzoyl  chloride  on  the  sodium  compounds  of 
benzoylaoetyl  methane  C0H5CO .  CHg .  COCH3  and  dibenzoyl- 
methane  CdH^CO  .  CH2 .  C0CeH5,  and  the  third  by  condensing 
mesityl  oxide  with  oxalic  ester  in  presence  of  sodium  ethoxide.  The 
following  formulae,  which  are  distinguished  as  '  enol '  and  '  keto ', 
were  assigned  to  the  isomeric  forms : 


EnoL 

Keto. 

Aeetyldibenzoylmethane 

C{OH) .  CHj 

C— CO.C-Hfl 

\ 
CO.CeHg 

m.  II.  80-86'' 

00.  CH. 

/ 

HO— CO.C,H» 

\ 

OO.CcH. 

m.j».  107-110* 

Tribenzoylmethane 

0(OH).C,H, 

d— CO.CeHft 

CO .  CeHj 
isoineriaee  on  melting 

CO.CA 
HO— 00.0«Hft 

m.p.  282-ue^ 

Kesityloxide-oxalie  ester 

CO.CH:C(CH,), 

CH :  C(OH) .  COOCjHa 
m.  p.  21-22- 

CO.CHiOCCHj), 
CH,.CO.COOC,H6 

m.p.5e-eo* 

The  compound  obtained  by  precipitating  aoetyldibenaoylmethane 
from  its  cold  solution  in  sodium  carbonate  with  acetic  add  melts  at 
80-85^,  dissolves  in  alkalis  \rith  a  yellow  colour,  gives  a  dark  red 
coloration  with  alcoholic  ferric  chloride,  and  forms  a  ciyatalline 
copper  salt.     It  is  known  as  the  a-compound.    When  heated  above 

1  WiaUeenus,  B».,   1887,  30,  2080 ;  Claiaen,  B«r.,  1892,  86,  1776 ;  yon  PMh- 

bm^.,  1809,  as,  lOiO. 

'  ^nfuOtft,  1898,  877,  184 ;  189C,  201,  25. 
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its  melting-point  it  solidifies  at  about  90^  and  melts  a  second  time 
at  ll(f  .  This  is  taken  as  indicative  of  a  change  into  the  second  or 
fi-bnxL  The  new  substance  is  not  directly  dissolved  by  sodium 
caibooate,  copper  acetate  produces  no  immediate  precipitate,  and 
the  coloration  with  ferric  chloride  is  only  slowly  developed.  The 
fint  or  opcompound  which  readily  forms  metallic  salts  is  assumed  to 
contain  a  hydrozyl  group  and  consequently  represents  the  enol  form ; 
the  second  or  j8-compound  is  the  keto  form.  The  change  of  enol  to 
keio  may  also  be  effected  by  certain  solvents*  Ligroin  and  benzene  are 
without  action,  but  when  heated  with  alcohol  on  the  water-bath  the 
solution  is  found  to  contain  about  one-third  of  the  keto  form ;  if 
dilate  alcohol  is  used  a  still  larger  proportion  is  produced.  The 
reverse  change  of  keto  to  enol  may  be  effected  by  adding  alkali,  when 
the  keto  compound  paoaoo  gradually  into  solution,  and  on  acidifying 
the  well-eooled  liquid  with  acetic  acid  the  enol  compound  is  pre- 
^pittted.  Similar  observations  have  been  made  with  tribencoyi 
nMtiume  and  mesitylozide-oxalic  ester.  The  non-existence  of  enolic 
famis  of  triacetyl  methane  CH(COCH8)8  and  benzoyldiacetyl  methane 
CH(COCH8)2COCeH5  is  accounted  for  by  the  more  electropositive 
natare  of  the  radicalEL^  This  investigation  was  followed  by  many 
^tthesrs  on  the  same  lines.  Knorr*  found  that  dibenzoylsuccinic 
ester,  which  is  obtained  by  the  action  of  iodine  on  sodium  benzoyl- 
Metic  ester,  consists  of  two  isomeric  substances  which  could  be 
Mpaiited  by  means  of  alcohol.  As  neither  of  them  gave  a  coloration 
With  ferric  chloride,  Knorr  concluded  that  they  were  both  ketonic, 
corresponding  to  the  raeemic  and  meeo  forms  of  tartaric  acid. 

H  H 


c,H^oa 


cjafiocy 


-G00G2M5 


C«xi«OOC' 


'*"» 


■COC,H, 


c.H«ca 


'6"6 


-COC.H 


»■"« 


COOCH 


»"8 


H 


H 


Raeemie. 
H 


-OOOC2H5 
-COOC2H5 


H 

Meeo. 

^  CUieen,  Ber.,  1892,  36, 1768 ;  AimaUn,  1898,  277,  206. 
'  AmitOmif  1896,  298,  70. 
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But  if  either  of  these  compounds  is  dissolved  in  a  solution  of  sodium 
ethoxide,  and  precipitated  in  the  cold  with  dilute  sulphuric  acid^  an 
oily  product  is  obtained  which  gives  the  ferric  chloride  reaction,  and 
unlike  the  other  isomers  dissolves  in  dilute  ftllralifl.  It  is  represented 
by  the  enolic  formula : 

CgHg .  qOH) :  C .  COOC2H5 
CeHg .  C(OH) :  C .  COOC2H5 

Enolio  form  of  DibenzoyUaocinio  estor. 

On  heating  it  passes  into  the  two  solid  keto  modifications.  Similar 
results  were  obtained  with  diacetosuccinic  ester  by  Ejiorr/  with 
alkylidenediacetoacetic  ester  by  Babe  *, 

CH3.CO.CH.COOC2H5 

CHB. 

CH3 .  CO .  CH .  COOC2H5 
and  with  benxylidenediacetylacetone  by  Schiff,'  who  claims  to  haire 

CH3.CO.CH.CO.CH3 

JH  •  C0H5 


i> 


CH3.CO.CH.CO.CH3 

obtained  no  less  than  six  structural  or  geometrical  isomers. 

A  further  insight  into  the  mechanism  of  tautomeric  change  is 
afforded  by  W.  Wislicenus'  discovery  of  the  desmotropic  forms  of 
formylphenylacetic  ester  :* 

HCO .  CHCCjHg) .  COOC2H5         HqOH) :  CCCeH^) .  COOOgH^ 

They  are  obtained  by  the  condensation  of  formic  ester  with  phenyl- 
acetic  ester  in  presence  of  sodium  (see  p.  266).  Both  isomers  are 
found  in  the  product,  and  since  one  is  a  liquid  and  the  other  a  solid 
they  can  be  separated  by  filtration.  If  precipitated  by  carbon  dioxide 
from  alkaline  solution  the  enol  form  is  obtained,  if  by  sulphuric  acid 
the  keto  form  is  produced.  The  liquid  or  a-ester  gives  the  usual 
reactions  for  the  enol  form  with  ferric  chloride  and  copper  acetate. 
The  solid  or  )8-ester,  which  melts  at  about  70^,  gives  no  coloration 
with  ferric  chloride ;  and  though  it  forms  both  sodium  and  copper 
compounds,  they  are  very  unstable  and  pass  into  the  correspondiog 

1  Annalen,  1896,  293,  86. 

>  Annalm,  1900,  313,  129;  Ber.,  1899,  32,  84. 

>  Armalen,  1899,  306,  332 ;  309,  206. 

*  AnnaUn,  1896,  291,  147;  Ber.,  1899,  32,  2837. 
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of  the  a-ester.  Whilst  both  esters  remain  unohanged 
in  closed  vessels  for  an  indefinite  time,  exposed  to  the  air  the  fi-eater 
soon  becomes  liquid,  producing  some  of  the  a-form.  This  change  is 
more  quickly  effected  at  70^  On  the  other  hand  the  a-ester  changes 
slowly  but  almost  completely  into  the  /^-compound  at  the  ordinary 
temperature  on  introducing  a  crystal  of  the  latter  substance. 

Perhaps  the  most  interesting  result  of  this  investigation  is  the 
discovery  that  in  certain  solutions  a  condition  of  equilibrium  is 
reached  between  the  two  forms  which  is  dependent  upon  temperature, 
concentration  and  the  nature  of  the  solvent.  The  equilibrium  point 
was  ascertained  by  observing  the  intensity  of  the  coloration  with 
ferric  chloride.  If  either  a-  or  fi-ester  is  dissolved  in  the  same 
solvent,  under  the  same  conditions  of  temperature  and  concentration, 
the  coloration  produced  by  adding  an  alcoholic  solution  of  ferric 
chloride  to  the  one  ester  diminishes  in  intensity,  whilst  that  of 
the  other  gradually  increases  until  eventually  the  two  solutions 
appear  of  the  same  tint.  Wislicenus  observed  further  that  whilst 
alcohol  and  water  favour  the  formation  of  the  keto  form,  benzene 
favours  that  of  the  enol  form,  and  he  ascribed  the  effect,  in  accordance 
with  a  previous  suggestion  of  Knorr,^  to  the  ionizing  power  of  the 
solvent.  In  the  present  case  the  more  strongly  ionizing  solvent 
determines  the  keto  formation.  A  very  interesting  confirmation  of 
Wislicenus'  results  on  the  action  of  the  solvent  is  afforded  by  the 
observations  of  Brdhl.'  He  found  that  the  dynamic  isomers  of 
Cbdsen's  mesityloxideozalic  ester  showed  well-marked  differences  in 
refractive  and  dispersive  power,  and  was  thus  able,  whilst  avoiding 
the  disturbing  influences  which  might  be  introduced  by  the  use  of 
a  chemical  reagent,  to  follow  the  changes  effected  by  the  solvent  He 
found  that  chloroform  had  little  action,  whilst  methyl  and  ethyl 
alcohol  rapidly  ketonize  the  dissolved  enol  form.  BrUhl,  like 
Wislicenus,  ascribed  the  change  to  the  ionizing  action  of  the  solvent, 
which  appeared  also  to  be  closely  related  to  its  dielectric  constant. 
Without  discussing  at  present  the  mechanism  of  the  change,  it  is 
dear  from  the  examples  which  have  been  given  that  the  converti- 
bility of  dynamic  isomers  belongs  to  a  class  of  reversible  reactions 
of  a  peculiarly  sensitive  kind. 

3>eter]iii]iation  of  Btracture,  Chemical  Methods.  In  view  of 
the  mobility  of  dynamic  forms  it  may  be  well  to  consider  to  what 
extent  chemical  methods  are  available  for  determining  structure.     It 

*  £sr.,1895,  25,  708. 

>  Zeit  phifs,  Chem.j  1899,  30, 1;  Ber.,  1899,  82,  2826. 
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is  evident  that  many  reagents  are  excluded  h*om  the  simple  fact  that 
they  produce  isomeric  change,  a  fact  which  applies  equally  to  the 
formation  of  derivatives  of  the  compounds  in  question*  There  is 
scarcely  one  of  the  reactions,  discussed  at  length  on  pp.  174,  175,  and 
formerly  used  as  evidence  in  favour  of  the  keto  or  enol  structure 
of  acetoacetic  ester,  which  has  withstood  the  test  of  subsequent 
experience.  It  is  on  this  account  that  the  action  of  bases  and  acids 
is  excluded,  and  also  the  derivatives  which  are  obtained  by  their  aid. 
It  has  been  shown  that  sodium  compounds  are  mainly  enolic ;  but  it 
does  not  follow  that  the  derivative  obtained  by  the  use  of  the  sodium 
compound  is  a  guide  to  the  structure  of  the  original  substance.  For 
the  same  reason  acetic  anhydride  cannot  be  employed  to  ascertain  the 
presence  of  hydroxyl.  Both  forms  of  formylphenylacetic  ester  yield 
the  same  acetyl  derivative.  Acid  chlorides  act  in  the  same  way. 
Many  ketones  are  known  to  yield  enolic  acyl  derivatives.  Phenyl 
hydrazine  and  hydroxylamine  are  also  excluded.  Here  again  both 
isomers  of  formylphenylacetic  ester  give  the  same  hydrazone  and 
oxime.  Among  the  few  reagentB  which  appear  to  have  little  effect 
upon  the  isomers  is  phenyl  carbimide  dissolved  in  a  non-ionizing 
solvent.  It  reacts  in  the  cold  with  hydroxy-  and  amino-oompounds 
in  the  following  way  to  form  carbamic  esters  and  carbamido  com- 
pounds: 

B.OH  +  CeHg.N.CO  =  EO.CO.NHCoHg 

R.NHg  +  CflHfi.N.CO  =  R.NH.CO.NHCcHg 

Isatin,  for  example,  forms  a  carbamino  derivative,  and  is  therefore 
a  lactam  and  not  a  lactim  as  Baeyer  supposed. 

CO 


CeHZ    >C0 


N  .  CO .  NHCeHfi 

Phenyl  carbimide  combines  with  phloroglucinol,  but  not  with  succino- 
succinic  ester,  indicating  that  the  former  is  enolic  and  the  latter 
ketonic 

An  alcoholic  solution  of  ferric  chloride  can  also  be  used  to  deter- 
mine the  presence  of  the  enolic  form,  and,  as  already  pointed  out,  to 
follow  the  changes  taking  place  between  the  two  dynamic  isomers. 
In  other  cases,  however,  it  acts  as  a  catalyst,  and  Lowry  ^  has  shown 
that  equilibrium  is  established  instantly  between  the  dynamic  isomers 
of  ?r-bromonitro-camphor  on  the  addition  of  this  reagent*. 

To  determine  the  presence  of  keto  and  enol  form  in  acetoacetic 

^  Tram,  Chem.  Soc.,  1899,  76,  280. 
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ester  Schiff  ^  conoeiyed  the  device  of  bringing  about  a  combination 
between  the  ester  and  a  compound  with  which  either  enol  or  keto 
form  will  readily  unite.  The  subfitance  selected  was  benzalaniline 
CeHgCH  :  N .  C^IS,^,  which  can  combine  with  acetoacetic  ester  in  the 
following  ways : 

CH3 .  CO .  CH .  COOC2H5  CH3 .  C(OH) :  C .  COOCgH^ 

CeHgCH .  NHCeHg  C^H^CH .  NHCeHg 

In  union  with  the  keto  foruL  In  union  with  the  tncl  form. 

A  product  was  obtained  melting  at  95°,  which  was  shown  to  be 
a  mixture  of  the  two  forms.  The  individual  substances  were 
obtained  separately  either  by  adding  to  the  mixture  of  acetoacetic 
ester  and  the  reagent  a  few  drops  of  piperidine,  which  ketonizes 
the  ester,  or  a  trace  of  sodium  ethoxide,  which  converts  it  into  the 
enol  form.  These  two  compounds  melt  at  78°  and  104°  respectively. 
Similar  results  have  been  obtained  with  benzoylacetic  ester,  and,  by 
Francis,'  with  dibenzyl  ketone  and  desoxybenzoin.  The  action  of 
piperidine  and  sodium  ethoxide  is  interesting.  The  small  amount 
of  reagent  required  led  Schiff  to  infer  that  the  action  is  catalytic 
This  view  is  clearly  opposed  to  the  general  conception  of  a 
catalytic  agent  which  can  only  accelerate  equilibrium  but  not 
modify  the  proportions  of  the  ultimate  constituents.  It  is,  more- 
over, contradicted,  as  Schaum'  has  pointed  out,  on  thermodjrnamical 
grounds  as  well  as  by  his  own  experimental  evidence.  He  showed 
that,  by  the  displacement  of  equilibrium  without  adding  energy  to 
a  system,  one  change  is  accelerated  at  the  expense  of  the  other, 
and  consequently  a  certain  amount  of  energy  is  used*  If  the  catalyst 
is  then  removed,  the  original  equilibrium  is  restored,  and  the  energy 
set  free  can  be  utilized  to  perform  work,  so  that  by  combining  the  two 
systems  a  perpetual  motion  is  created.  Experimentally  he  proved 
that  neither  reagent  affects  in  the  slightest  degree  the  density  or 
specific  refraction  when  equilibrium  is  established.  An  explanation 
of  the  process  has  been  giVen  by  Lowry.*  He  suggests  that  each 
reagent  reacts  with  one  form  only,  producing  an  additive  compound, 
which  then  interacts  with  the  benzalaniline,  and  at  the  same 
time  liberates  the  reagent.  One  of  the  isomers  is  thus  removed  from 
the  mixture,  equilibrium  is  restored,  to  be  again  disturbed  by  the 
reagent,  and  so  the  process  continues  until  the  whole  undergoes 
change  into  the  one  product. 

^  Ber.,  1898,  31,  206,  COl,  1804,  1888 ;  1899,  82,  882. 

'  TVans.  Chmn,  Soc,  1899,  76,  866 ;  Ber.,  1908,  86,  987 ;  Trans,  Chwi.  Soe.,  1904, 
87.998. 
'  Bar.,  1898,  31,  1964.  *  Trwia.  Chem.  Soe,,  1899,  76,  241. 
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Physical  Methods  have  afforded  much  more  valuable  information 
about  isomeric  change  than  the  chemical  reactions  referred  to.  The 
methods  utilized  include  density,  optical  properties,  electrical  con- 
ductivity, solubility,  colour,  &c. 

Sefraetioii  and  Biapaniion.  BrUhP  has  shown  that  molecular 
refraction  and  dispersion  offer  an  excellent  means  of  differentiating 
the  enol  and  keto  forms,  and  has  determined  the  structure  of  a  variety 
of  compounds  in  this  way.  According  to  BrOhl  free  acetoacetic  ester 
represents  the  keto  form,  whilst  its  sodium  compound  is  enolic'  In 
other  respects  Claisen's  rule  that  negative  groups  favour  the  enol 
formation  is  fully  confirmed.  Ozalacetic  ester  and  aoetylmalonic 
ester  are  enolic  compounds,  whilst  diacetylmalonic  ester  and  acetyl- 
acetone,  &c,  have  a  di-enolic  structure. 

CH., :  C(OHK 

>C(COOC2H5)2,       CH3 .  C(OH) :  C :  C(OH) .  GH, 
CH2 :  C(OHK 

And  in  addition,  formylacetic  ester  and  hydroxymethylene-camphor 
were  shown  to  belong  to  the  enolic  type. 

yC :  CH{OH) 


HC(OH):CH.COOC2H5,  CgHnv    1 

\co 

Kagnetic  Botation.  The  results  derived  by  W.  H.  Perkin'  from 
observations  of  the  magnetic  rotation  of  acetoacetic  ester  and  other 
ketones  agree  substantially  with  those  of  BrUhl.  Acetoacetic  ester 
is  a  ketone,  acetylacetone  is  probably  a  mixture  of  80  per  cent,  mono- 
and  70  per  cent,  di-enol,  whilst  ethylacetylacetone  is  mainly  ketonic, 
from  which  it  follows  that  the  positive  ethyl  radical  favours  the 
ketonic  structure  and  thus  in  a  sense  supports  Claisen's  rule  (p.  191). 
The  further  interesting  observation  was  made  that  those  ketonic 
compounds  which  exhibit  enolic  structure  are  rendered  more  ketonic 
with  rise  of  temperature,  in  other  words,  that  the  condition  of 
equilibrium  between  the  isomers  changes  with  the  temperature. 

Electrical  Condiietivity.  An  interesting  application  of  the 
ionization  hypothesis  to  the  study  of  tautomeric  change  has  been 
elaborated  by  Hantzsch.* 

In  1896  Hantzsch  and  Schultze '  obtained  the  two  dynamic  isomers 

'  Ber.,  1892,  25,  866;  J.  prakt,  Chem.,  1894,  60,  159;  Zeit,  phya.  Oiem.,  1900, 
84,  81. 

*  Brahl  and  Schroder,  ZeU.  phya,  Chem,,  1904,  50,  1 ;  1905,  51, 1. 
>  Trans,  Chem.  Soe„  1892,  61,  800. 

*  Bar.,  1899,  32,  575,  8066.  •  Ber.,  1896,  89,  699,  2251. 
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of  phenylnitromethane  CeHgCHgKOs  (see  p^  182).  The  product 
obtained  by  the  action  of  silver  nitrate  on  benzyl  iodide  is  an  oil 
which  disBolveB  in  soda  solution  and  forms  a  sodium  salt,  from  which 
hydrochloric  acid  precipitates  in  the  cold  a  crystalline  substance 
which  melts  at  84^  The  latter,  in  contact  with  acids,  passes  gradu- 
ally into  the  oDy  isomer,  and  the  same  thing  occurs  on  warming  the 
substance  in  ethereal  or  alcoholic  solution.  The  two  may  be  dis- 
tinguished by  the  intense  brown  coloration  which  alcoholic  ferric 
chloride  gives  with  the  crystalline  modification. 

The  conversion  of  the  one  isomer  into  the  other  is  explained  by 
a  tautomeric  change  of  the  following  nature : 

CeHftCHg.NOa    ^    CeHgCHiNO.OH 

Phenylnitromethane  Isophenylnitromethane. 

liquid.  m.  p.  84** 

Whereas  the  liquid  compound  is  a  neutral  substance  and  a  non- 
electrolyte,  the  isomer  is  a  strong  acid  and  an  electrolyte.  The 
presence  of  the  second  compound  and  its  gradual  change  into  the 
first  may  therefore  be  recognized  by  its  decreasing  conductivity  in 
solution,  whilst  the  passage  of  the  first  into  the  second  may  be 
followed  by  observing  the  gradual  neutralization  of  the  solution  on 
the  addition  of  an  alkali.  These  and  other  manifestations  of  tauto- 
merism,  such  as  the  colour  change  of  the  liquid  on  the  addition  of  an 
alkali,  may  be  observed  in  compounds  like  the  aliphatic  and  aromatic 
nitro-compounds,  nitroparaffins,  nitrophenols,  and  nitrolic  acids, 
lactams,  primary  nitrosamines,  oximinoketones,  e.g.  violuric  acid,  qui* 
noneoximes,  &c.,  which  are  unknown  in  desmotropic  forms,  owing, 
as  a  rule,  to  the  instability  of  the  free  enol  type.  Such  compounds 
have  been  named  by  Hantzsch  pseudo-acidSy  by  which  term  is  implied 
the  firee  compounds,  which,  not  being  acids  themselves,  exhibit  by 
a  change  of  structure  the  characteristic  behaviour  of  acids,  and  the 
manifestation  is  termed  ionic  isameriam,  Hantzsch  also  recognizes 
a  group  of  basic  substances  corresponding  to  pseudo-acids  which 
he  terms  pseudo-ammonium  bases}  These  substances  are  not  in 
themselves  bases,  but  exhibit  ionic  isomerism,  inasmuch  as  they 
pass  into  true  ammonium  salts  on  the  addition  of  an  acid  and 
thereby  become  strong  electrolytes.  Like  the  pseudo-acids  they  also 
show  colour  changes  and  'abnormal  neutrality'.  These  changes 
were  first  studied  in  the  case  of  phenylmethykcridinium  chloride. 
The  addition  to  an  aqueous  solution  of  the  salt  of  an  alkali  or  silver 
oxide  sufficient  to  unite  with  the  acid  liberates  a  strong  base,  which 

1  Bm-.,  1899,  32,  694,  8109,  8132  ;  1900,  38,  278. 
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shows  a  degree  of  dissociation  oomparable  with  that  of  potassium 
hydroxide.  Its  conductiyity  then  gradually  diminishes  until  it 
reaches  zero,  and  at  the  same  time  the  solution  becomes  neutral 
and  the  pseudo-base  is  precipitated.  The  change  is  represented  by 
the  wandeiing  of  the  hydroxyl  ion  to  the  carbon  atom  thus: 

C  C  C 

\n/  \n/  \n/ 

CHs      CI  CH3      OH  .  CHj 

Phenylmethylacridinium         True  ammonium  base.  Pseudo-ammonium 

hydrochloride.  base  or  carbinol. 

The  reverse  changes  occur  on  acidifying  the  pseudo-ammonium  base, 
which  passes  into  the  true  ammonium  salt. 

The  theory  has  been  used  to  interpret  the  changes  which  diazonium 
salts  undergo  when  acted  upon  by  solutions  of  alkalis,  alkali  cyanides^ 
and  sulphites  (p.  162).  Under  these  circumstances  the  diazonium 
salt  is  conyerted  into  the  syn  diazotate,  diazocyanide,  and  diazo- 
ftulphonate. 

RNCl  RN  EN  RN 


li  I 


N  KO.N  CN.N  KCS.N 


II 


3* 


Density  and  Volume.  Schaum  ^  observed  that  freshly  distilled 
acetoacetic  ester  acquires  a  different  density  after  standing,  and  recog- 
nized the  fact  as  evidence  of  isomeric  change.  From  the  density  of 
acetoacetic  ester  and  its  solutions  in  various  solvents  Traube' 
calculated  the  molecular  solution  volumes,  and  showed  that  in  the 
majority  of  solvents  the  molecular  volume  undergoes  a  gradual  change 
which  can  only  be  explained  on  the  assumption  of  the  existence  of 
two  esters  in  equilibrium. 

Eleotrieal  Oscillations.  By  the  use  of  a  specially  contrived 
apparatus  Drude'  examined  the  absorptive  power  of  oiganic  com- 
pounds for  electrical  oscillation,  and  found  that  whilst  hydroxyl 
compounds  absorb  the  oscillations  readily,  aldehydic  and  ketonic 
compounds  do  not.  The  method  has  been  applied  to  the  investiga- 
tion of  dynamic  isomers,  and  the  results  are  in  substantial  agreement 
with  those  of  BrUhl  and  Perkin. 

1  Ber.f  1898,  31,  1964.  «  Ber.,  1896,  20,  1715. 

»  Ber,,  1897,  30,  940. 
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Aoetoacetic  ester  does  not  absorb  and  is  ketonic,  oxalacetio  ester 
absorbs  strongly  and  is  therefore  mainly  enolic.  The  change  in 
absorption  which  accompanies  the  passage  of  the  liquid  to  the  solid 
form  of  formylphenylacetic  ester  agrees  with  the  observations  of 
Wislicenus.  Many  other  compounds  have  been  studied  with  similar 
results. 

Optical  A49tivit7.  The  large  differences  in  optical  activity  of 
many  dynamic  isomers  have  been  turned  to  excellent  account  as 
a  means  of  distinguishing  the  two  forms,  and  of  following  the  equi- 
librium changes  which  occur  under  different  conditions.  The 
method  has  been  utilized  by  Lowry  ^  in  the  study  of  nitrocamphor 
and  v-bromonitrocamphor,  and  by  Lowry  and  E.  F.  Armstrong'  in 
that  of  the  different  glucoses  and  glucosides. 

The  dynamic  isomers  of  ir-bromonitrocamphor  and  pseudo  7r-bromo* 
nitrocamphor  are  probably  represented  by  the  following  formulae : 

/CHNO2  yC :  NO2H 

\co  \co 

Normal.  Pseudo. 

Both  compounds  have  been  isolated  by  crystallization  from 
different  solvents :  the  one,  which  from  its  high  rotation  is  regarded 
as  the  pseudo  form,  melts  at  142°  and  has  a  specific  rotation  of 
[a]o  =  + 188°,  and  the  other  melts  at  108""  and  has  the  value 
[aj^a  —51°.  When  either  substance  is  dissolved  in  various  media 
an  equilibrium  mixture  of  the  two  isomers  results.  A  3*83  per  cent, 
benzene  solution  at  15°  reaches  a  constant  rotation  of  [a]u  »  —38°, 
and  consists  then  of  an  equilibrium  mixture  of  one  part  of  pseudo 
and  seventeen  parts  of  the  normal  compound.  This  change  of 
rotation  has  been  named  by  Lowry  mutarotation.  Nitrocamphor, 
though  only  known  in  one  crystalline  modification,  m.p.  100°  never- 
theless when  dissolved  in  various  solvents  shows  the  same  kind  of 
change  as  the  bromo-derivative,  thereby  indicating  the  existence  of 
an  equilibrium  mixture  of  the  two  forms.  Simon '  suggested,  and 
Lowry  and  E.  F.  Armstrong^  have  since  shown,  that  the  a,  fi,  and  y 
modifications  of  glucose,  which  have  the  specific  rotations 

[a]„  =  +  105°,  +  52.5°,  and   +  22° 

respectively,  consist  in  all  probability  of  two  stereoisomeric  a-  and 
yglueoses    having    the  rotations  [ajo  =  + 105°  and    +  22°,   which 

*  TroM.  Chem.  Soe,,  18^,  76,  235.  <  Trans.  Chem.  Soc.,  1908,  83,  1814. 

'  Qm^.  rend.,  1901, 133,  487.  «  Trana.  Chem.  3oc.,  1908,  88,  1806, 1814. 
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exhibit  mutarotaiion  by  forming  an  equilibrium  mixture  having  the 
intermediate  value  (see  p.  880). 
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Bolubility  and  Meltinff-point.  Several  casea  have  been  referred 
to  in  which  dynamic  isomers  have  been  isolated  and  their  quantity 
estimated  by  differences  of  solubility.  The  method  is,  however, 
limited  in  its  application,  since,  if  crystallization  proceeds  slowly, 
isomeric  change  may  occur,  and  equilibrium  is  re-established  in  the 
solution  as  soon  as  the  less  soluble  isomer  begins  to  separate.  The 
second  isomer  will  consequently  not  crystallize  out.  Lowry  found 
that  this  was  the  case  with  nitrocamphor,  which  could  only  be 
obtained  in  one  isomeric  form.  If  the  separation  takes  place  quickly, 
or  isomeric  change  is  slow,  the  two  isomers  will  behave  like  distinct 
substances  and  separate  according  to  their  solubilities.  It  is  also 
clear  that  if  isomeric  change  occurs  during  solution,  the  substance 
will  possess  an  apparent  as  well  as  a  real  solubility  depending  on  the 
extent  of  the  conversion.    Lowry'  has  applied  the  principle  to 

diagnosing  cases  of  isomeric  change  by 

determining  the  solubility  immediately 

following  solution  and  after  an  interval 

has  elapsed.    As  there  is  an  apparent 

and  a  true  solubility  there  will  exist 

an  apparent  and  a  true  melting-point, 

depending  on  isomeric  change.    These 

changes  can  best  be  followed  by  means 

of  the  freezing-point  cuitcs  of  the  mixed 

isomers,  as  was  done  in  the  case  of 

mixtures  of  enantiomorphs  (p.  86). 

In  the  diagram,  ad  and  hd  represent  the  freezing-point  curves  of 

a  mixture  of  two  dynamic  isomers  A,  B,  and  c  the  freezing-point  of 

the  equilibrium  mixture  after  fusion.     The  true  melting-points  are 

1  7Vti»».  Ckem.  Soe.,  1904,  80,  1541,  1551. 
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rapreseiited  by  a  and  b.  If  iBomeric  change  occurs  on  fusion  the 
melting>point  of  the  higher  melting  isomer  a  will  fall,  and  will 
become  constant. when  the  equilibrium  temperature  of  fusion  c  is 
reached.  Similarly  the  melting-point  of  h  will  follow  the  curve  hdc, 
and  according  to  the  rate  of  isomeric  change  will  indicate  after 
fusion  a  lower  or  higher  melting-point  which  eventually  becomes 
constant  at  a  If  the  change  is  slow  the  two  substances  will  behave 
like  separate  individuals,  one  of  the  components  first  separating, 
followed  by  the  more  fusible  eutectic  mixture.  The  temperature 
above  which  isomeric  change  first  sets  in  has  been  termed  by  Knorr 
the  stability  limit  of  the  substance,  and  if  it  lies  above  the  melting- 
point  the  true  melting-point  will  be  given ;  but  the  stability  limit, 
though  obviously  not  a  fixed  point,  is  usually  coincident  with  the 
fosion  temperature,  and  in  that  case  the  melting-point  will  not  be 
the  true  one.^ 

Colour.    Examples  of  the  differentiation  of  dynamic  isomers  by 

meaus  of  colour  have  already  been  given.  There  are  many  pseudo-acids 

possessing  one  colour  which,  on  the  addition  of  a  base,  are  supposed 

to  change  into  a  salt  of  the  normal  acid  having  another  colour. 

Colourless  violuric  acid,  which  is  the  pseudo  form,  gives  pink  or 

violet  salts.'    Colourless  nitrolic  acids  form  red  salts.     The  green 

solution  obtained  by  adding  nitrous  acid  to  phenol  probably  i-epre- 

aents  the  nitroso  compound,  whilst  the  red  sodium  salt  may  have 

the  oxime  formula.    Other  examples  are  the  colourless  and  yellow 

modifications  of  acetone  dioxalic  ester,'  the  colourless  enol  and 

ydlow  keto  form  of  Dimroth's  *  phenyltriazolone  carboxylic  ester. 

00— CH .  COOCHo  (HO)C  -  C .  COOCH. 

II  II 

C^H^N    N  CcHfiN     N 

\y  V 

N  N 

Phenyltriazolone  carboxylic  ester. 

The  colourless  and  yellow  mesozamide  oxime  and  its  coloured  salts* 

ue  represented  as  containing  the  following  isomeric  groups : 

—CO  —CO 


1  l/^- 

C:N.OH  C<   I 

I  |\o 

—CO  —CO 


'  The  behaTiour  of  dynamic  isomers  on  fusion  is  discussed  from  the  phase 
nile  standpoint  by  Findlay,  Trans,  Chenu  Soc.y  1904,  87,  408. 
>  Hantzach,  Ber.,  1899,  82, 598. 

*  Willstatter  and  Pummerer,  £er.,  1904,  87,  8783.         *  Annalen^  1904,  885,  1. 

*  Whiteley,  Trans.  Chan.  8oe.,  1900,  77,  1040 ;  1908,  88,  24. 


202  ISOMERIC  CHANGE 

Thei-e  are  also  the  colourless  and  yellow  silver  compounds  of  the 

amides,^  and  the  colourless  nitrophenols  and  their  orange  or  red 

salts ' 

OH.CeH4.NO2      ->      OrCeH^rNOgNa 

Absorption  Spectra.  The  ultra-violet  absorption  spectra  have 
been  studied  by  Hartley,  by  Dobbie  and  Lauder,  and  by  Baly 
and  Desch,  with  results  which  possess  considerable  interest.  Dobbie, 
Lauder,  and  Tinkler '  were  able  to  observe  changes  in  the  spectra  of 
solutions  of  cotamine  and  its  derivatives  which  could  only  be 
explained  by  isomeric  change. 

yCH(OH) .  NCH3  /CH  «  N(CH3)0H 

C8Hc03<  I  ->    C8He03<(  I 

XcHg CH,  \CH2— CHj 

The  observations  of  Baly  and  Desch  have  thrown  a  new  light 
on  the  mechanism  of  isomeric  change  which  will  be  considered 
presently. 

Theories  of  Tantomerism.  Laar,  who  was  the  first  to  offer 
a  theory  of  tautomerism,  supposed  that  the  mobile  hydrogen  atom 
in  tautomeric  compounds  was  in  a  state  of  constant  oscillation,  so 
that  both  compounds  might  be  regarded  as  present  in  the  sub- 
stance in  a  labile  state.  This  applied  to  solids  as  well  as  to  liquids 
and  solutions.  The  view  received  support  from  the  observations  of 
von  Pechmann,  Luxmoore,  and  others  (pp.  182, 184j[.  *It  has  already 
been  stated  that  phenyltolylbenzamidine  forms  with  ethyl  iodide  two 
ethyl  derivatives.  The  result  is  readily  explained  on  the  assumption 
that  the  substitution  of  hydrogen  by  ethyl  occurred  at  opposite 
periods  of  an  oscillation.  The  same  view  can  be  applied  with 
equal  force  to  the  conversion  of  benzantialdoxime  into  a  mixture 
of  the  oxime  and  pseudoxime  ethers.  A  similar  idea  is  em- 
bodied in  Enorr's^  theory  of  the  osdUating  doiMe-hondy  in  which 
the  rapid  shifting  to  and  fro  of  the  double-bond  and  of  the  hydrogen 
atom  associated  with  it,  is  made  accountable  for  the  identity  of  such 
substances  as  the  two  methyl  pjrrazoles  referred  to  on  p.  186.  A  very 
similar  explanation  is  offered  by  Thorpe'  of  the  identity  of  the  afi. 


»  Titherloy,  Trans,  Chem.  Soc.,  1901,  77,  409. 

«  Ber.,  1906,  39,  1084. 

>  Trans.  Chv^n.  80c.,  1908,  88,  598. 

*  Annalen,  1894,  270,  188. 

<^  Trans.  Cliem.  Soc,,  1905,  87,  1680;  1906,  89,  651. 
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and  /Sy-dimethylglutaconic  acids  and  of  the  a-  and  y-methylaconitic 
acids. 

CH  CH 

COgH .  CH  CH .  COgH  CO2H .  C      CHg .  GOJl 


CH3  CH3 

a-  and  T-Methylaconitic  acid. 

AUelotropunn.  Knorr^  was  the  first  to  discuss  the  subject  of 
taatomerism  on  a  broad,  philosophical  basis.  In  a  paper  on  the 
tantomerism  of  the  dibenzoyl-  and  diacetyl-succinic  esters  subsequent 
to  that  already  referred  to  (p.  191),  he  lays  down  the  principle  that  each 
sabetanoe  has  its  own  structure,  that  when  heated  above  its  stability 
limit  it  yields  an  equilibrium  or  dUelotrqpic  mixture,  and  that  similar 
mixtures  are  formed  in  solution ;  the  proportion  of  the  isomer 
depending  on  the  nature  of  the  solvent,  the  temperature,  and  the 
dilution.  Finally,  he  revives  Butlerow's  view  of  the  nature  of  the 
change  occurring  between  the  two  isodibutylenes  to  explain  isomeric 
change  in  general,  which  he  attributes  to  an  intermolecular,  and 
not,  as  Laar  had  done,  to  an  intramolecular  process.  At  the  same 
time  he  recognizes  that  Laar's  oscillation  theory  may  explain  very 
rapid  isomeric  changes,  such  as  presumably  exist  in  the  case  of 
hydrogen  cyanide,  benzene,  the  methyl  pyrazoles,  &c. 

Thus  Laar's  tautomerism  or  oscillating  structures,  and  Baeyer's 
pseudomerism  or  single,  stable  structures,  are  limiting  cases  of 
aOelotropism  or  equilibrium  mixtures  of  isomers. 

Bynamic  Isomexism.  The  theory  which  has  been  recently 
developed  by  T.  M.  Lowry*  has  been  moulded  on  a  still 
broader  basis.  In  place  of  the  word  tautomerism  and  the  various 
other  names  applied  by  different  observers  to  indicate  different 
views  of  the  same  phenomenon,  he  has  inti*oduced  the  single  ex- 
pression dynamic  isomerism,  which  he  defines  as  reversible  isomeric 
change. 

The  principle  of  balanced  actions  between  isomers  had  already 
been  recognized  by  Butlerow '  from  the  results  of  his  inquiry  into 
the  action  of  sulphuric  acid  on  trimethyl  carbinoL  Butlerow 
showed  that  the  product  consisted  of  two  isomeric  isodibutylenes, 
and  he  explained  their  formation  on  the  assumption  that  equilibrium 

^  Armalm,  1899,  306,  882. 

'  Trayis.  Chem.  Soc.j  1899,  75,  211 ;  Brit,  Aasoc,  R^wrtSy  1904,  p.  198. 

*  Annalm,  1877, 188,  76. 
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is  established  between  the  isodibutylenes  and   the  corresponding 
alcohols  by  means  of  water. 

CH.3    CM3  CII3    CI13       C1I3    CH2  CII3    CH2OH 


OH 


0  qOH)  C 

II    +H2O    :^    I         :;!    \    +H,o 

CM  CM2  CM2  GS-2 


I  I 

0(CH3)3  qCH3)3  C(CH3)3  C(CH3)3 

Butlerow  suggested  that  equilibrium  might  also  exist  in  the  absence 
of  any  reagent,  and  that  hydrogen  cyanide  and  cyanate  mig^t  be 
equilibrium  mixtures  of  cyanide  and  nitrile  in  the  one  case,  and 
carbimide  and  cyanogen  hydroxide  in  the  other. 

Dynamic  isomerism  includes  every  form  of  balanced  action  be- 
tween isomers,  and  therefore  embraces  not  only  examples  of  labile 
isomeric  change,  like  that  of  the  two  formylphenylacetic  esters  (which 
are  readily  interconvertible  at  ordinary  temperaturesX  but  others 
which  are  perfectly  stable,  and  only  undergo  isomeric  change  on 
fusion,  like  ammonium  thiocyanate  and  thiourea.' 

NH4CNS  -^  CSCNHji). 

These  reactions  therefore  belong  to  the  type  of  unimolecular 
reversible  or  balanced  actions,  and  may  be  treated  mathematically. 
According  to  the  theory  of  reversible  reactions  a  condition  of 
equilibrium  is  attained  when  the  quantities  of  the  two  substances 
are  in  a  definite  ratio,  which  is  determined  by  the  ratio  of  the 
velocity  constants  of  the  opposing  reactions.  If  k.^  and  ki  are  the 
velocity  constants  of  the  two  isomeric  changes  taking  place  in 
opposite  directions,  and  iCQy  x^y  and  x^  the  quantities  of  the  original 
substance  at  times  0,  t,  and  00,  the  reaction  will  proceed  according 
to  the  equation, 

which  when  integrated  becomes, 

&i  +  ^2  =  7  log ''""■"'•" 


If  the  quantity  of  one  of  the  substances  is  known  at  time  t,  the 
value  of  ki-^-k^,  that  is,  the  sum  of  the  velocity  constants  of  the 
opposing  reactions,  can  be  determined  and  should  give  a  constant 
The  velocity  constant  is  only  subject  to  variation  with  change  of 
concentration  in  case  one  of  the  substances  acts  as  a  catalyst  or 

1  Waddell,  Joum.  phys.  Ch^m.,  1S98,  2,  523 ;  Reynolds  and  Werner,  TVans. 
Chem.  80c,,  1908,  88,  1. 
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Hndeigoes  some  secondary  change.  The  above  equation  has  been 
oaed  by  KQster,^  by  Lowiy,'  and  others,  and  the  experimental 
results  are  in  close  agreement  with  the  unimolecular  law. 

EOster  applied  the  equation  to  the  dynamic  isomerism  of  two 
hezaehloroketocyclopentenes. 

cci  =  CX31  cci— ca2 

I         )>co         -^         I       ^CO 

CCI2— cag  CCI— CCI2 

Hezaebloro  a-keto  /3-cyclopentene.     Hexachloro  a-keto  7-cyolopentene. 

The  process  was  conducted  by  suspending  a  small  quantity  of  the 
substance  in  the  vapour  of  boiling  nitrobenzene  for  a  certain  length 
of  time  and  then  rapidly  cooling.  The  substances  were  then  con* 
verted  into  the  anilides  and  separated  by  solvents.  When  equi- 
librium was  established  the  mixture  consisted  of  61<4  per  cent,  of  fi- 
and  88*6  per  cent,  of  y-compound.  Lowry  studied  the  rate  of  change 
of  solutions  of  nitro  and  11-bromonitro  camphor  by  means  of  the 
polarimeter. 

Every  form  of  isomeric  change  may  be  studied  from  this  stand- 
poiut,  including  such  processes  as  optical  and  geometrical  inversion 
(pp.  80,  117).  The  racemisation  of  tartaric  acid  and  the  trans- 
foimation  of  the  two  tolane  dibromides  belong  to  the  same  order 
of  phenomenon  and  are  subject  to  the  same  law. 

The  existence  of  only  one  representative  of  two  possible  isomers 
like  isatin  or  acetoacetic  ester  may  be  regarded  as  merely  a  limiting 
case  in  which  the  isomeric  form  is  too  labile  to  exist  under  the 
experimental  conditions.  The  same  may  be  said  of  those  reactions 
which  are  apparently  non-reversible,  for  the  balance  may  then  be 
assumed  to  shift  so  much  to  one  side  that  little  or  none  of  the 
original  substance  can  be  detected.  These  one-sided  or  completed 
reversible  reactions  will  be  considered  separately. 

The  Maoluuiism  of  Z«oiii«rie  Change.  It  wiU  be  interesting  to 
attempt  to  form  some  idea  of  the  process  by  which  isomeric  change 
is  brought  about.  Laar  regarded  the  change  as  intramolecular,  that 
is,  as  a  change  produced  by  a  direct  transference  of  the  atoms  in  the 
molecule.  Lowry,  on  the  other  hand,  considers  that  it  is  effected  by 
the  aid  of  a  third  substance  which  plays  the  rdle  of  a  catalyst,  just  as 
the  union  of  certain  gases  requires  the  presence  of  water. 

In  support  of  this  view  he  points  to  the  fact  that  nitrocamphor ' 

^  Znt,  phv9.  Chem.,  1895, 18,  171.  >  Trans,  Chem,  5oe.,  1899,  75,  234. 

»  Lowry,  Trans,  Chein,  Soc^  1899,  76,  219. 
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and  the  enolic  form  of  a-benzoyl  camphor  ^  in  chloroform  solution 
will  remain  unchanged  for  a  long  period,  but  that  the  dust  of  the 
laboratory  or  the  soft  glass  of  the  polarimeter  tube  is  sufficient  to 
start  the  transformation. 

As  we  have  seen,  the  change  from  ketonic  to  enolic  form  is 
accelerated  by  bases,  whilst  the  reverse  process  is  produced  by  certain 
solvents.  Lowry  explains  the  action  of  sodium  ethoxide  on  nitro- 
camphor  by  supposing  that  the  enolic  sodium  compound  is  formed 
and  decomposed  reversibly  into  keto  or  enol  forms  until  equilibrium 
is  established  thus : 

xCH .  NO2  yO :  NO^Na 

C,S,,<(\  +NaOC2H,    :;!    C,H,,<  | 

\co  \co 

/C :  NO2H 
+  C2H5OH    :^    C8Hh<:  I  +  NaOCgHs 

\C0 

Brtlhlhas  suggested  that  the  solvents  in  question  have  an  ionizing 
action  on  the  dissolved  substance,  and  the  enolic  form,  being  a  weak 
acid  and  electrolyte,  breaks  up  into  a  hydrogen  ion  and  an  organic 
ion,  and  the  latter  has  a  tendency  to  recombine  with  the  hydrog^ 
ion  to  form  the  non-ionized  ketonic  compound. 

The  objection  to  this  view  is  that  it  implies  a  complete  conversion 
of  the  enolic  to  the  ketonic  type,  which  is  not  always  the  case.  Lap- 
worth  '  has  suggested  that  the  change  takes  place  in  the  negative 
organic  ion  through  an  alteration  in  the  position  of  the  free  bond  or 
affinity.  In  the  case  of  bases  the  acceleration  is  due  to  the  diminution 
of  hydrogen  ions  by  increasing  the  concentration  of  hydroxyl  ions  and 
at  the  same  time  increasing  that  of  the  organic  ions. 

The  interconversion  of  the  ketonic  and  enolic  form  of  acetoacetic 
ester  will  be  represented  as  follows : 

CH3.CO.CH.COOCH2H5  +  H  ^  CHs.COrCH.COOCaHg  +  H 

so  that  in  a  sodium  ethoxide  solution  both  ketonic  and  enolic  forms 
will  be  present  in  equilibrium,  a  condition  which  is  virtually  equiva- 
lent to  the  presence  of  the  two  sodium  compounds : 

CH3 .  CO .  CHNa .  COOC2H5  ^  CH3 .  C(ONa) :  CH .  COOCaHg 

It  should  be  noted  that  the  structure  of  the  sodium  compound 
which  separates  from  solution  will  depend  on  the  relative  solubilities 
of  two  isomeric  forms,  and,  if  equilibrium  is  rapidly  established,  will 

^  Fonter,  Trans.  Qiem.  Soc.,  1901,  79,  997. 
'  Trans.  Chem.  Soc.,  1902,  81,  1508. 
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be  independent  of  the  composition  of  the  equilihrium  mixture  in 
solution. 

It  frequently  happens  that  acids  have  an  opposite  effect  to  bases 
&nd  retard  or  suspend  isomeric  change,  in  other  cases  they  act  as 
catalysts  and  accelerate  it.^  When  the  latter  occurs  another  explana- 
tion than  that  of  the  diminution  of  hydrogen  ions  must  be  found, 
and  Lapworth  has  suggested  that  they  may  cause  the  change  by 
forming  a  complex  ion  with  the  organic  compound,  which  functions 
as  a  weak  base  like  ammonia,  and  then  undergoes  internal  rearrange- 
ment as  follows,  the  dot  indicating  the  temporary  disposition  of  the 
free  afiSnity : 

HO— C-C  +  H     :;!    HO-C— CH 
HO— C-CH        :^    HO—C— CH 

HO— C— CH  f:^    O— C— CH  +  H 

Baly  and  Desch '  have  been  led  from  their  observations  on  the 
idtra-yiolet  absorption  spectra  of  various  dynamic  isomers  to  a  very 
different  view  of  the  mechanism  of  the  process.  They  point  out  from 
their  own  and  Hartley's  observations  that  no  banded  absorption  is 
produced  either  by  a  hydroxyl  group  or  double  bond,  yet  they 
obtained  banded  spectra  with  acetylacetone  and  acetoacetic  ester  and 
its  metallic  compounds,  and  with  other  substances  exhibiting 
dynamic  isomerism ;  but  not  with  pure  enolic  or  ketonic  substances. 
They  conclude,  therefore,  that  there  is  a  vibration  within  the  mole- 
cole  of  these  substances  which  is  synchronous  with  the  frequency  of 
tbe  light-waves  absorbed.  This  vibration  cannot  be  attributed  to 
the  oscillation  of  the  hydrogen  atom  or  metal  within  the  molecule, 
because  the  observed  oscillation  frequencies  are  the  same  for  both, 
and  it  is  not  probable  that  the  different  kinds  of  atoms  would 
oscillate  with  equal  rapidity  or  with  that  of  rays  of  ultra-violet  light. 
The  process  is  therefore  ascribed  to  a  vibration  set  up  by  an  altera- 
tion in  the  linking  which  accompanies  isomeric  change  of  the  keto- 
enol  type. 

COMPLETED  ISOMERIC  CHANGE 

Although  it  is  generally  recognized  that  the  isomeric  changes 
whidi  appear  to  take  place  in  only  one  direction  may  be  merely 
limiting  cases  of  reversible  reactions  in  which  the  original  substance 
virtually  disappears,  it  is  convenient,  until  these  reactions  have  been 

^  Lapworth,  Trans.  Ckm.  5oc.,  1902,  81,  1603 ;  1908,  83,  1123 ;  1904,  85,  30. 
'  Trana,  Chem.  Soc.,  1904,  85,  1029 ;  1905,  67,  766,  1882. 
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more  fully  studied,  to  place  them  in  a  separate  group  by  them- 
selves. 

An  isomeric  change  which  is  completed  in  one  direction  is  a  uni- 
molecular  reaction,  and,  provided  there  are  no  disturbing  by- 
reactions,  represents  the  simplest  type  of  chemical  change.  It 
follows  a  logarithmic  law,  and  may  be  studied  as  a  problem  in  chemical 
dynamics.  According  to  the  mass  law  the  rate  of  change  will 
be  proportional  to  the  quantity  of  substance  present  at  any  given 
time,  or  conversely,  if  the  change  followB  the  mass  law  and  the 
quantity  of  substance  present  at  any  time  is  ascertained,  the  velocity 
constant  k  can  be  calculated  from  the  well-known  equation, 

.1.         a 
A;  =  7  log 


t     °  a-x 

in  which  t  is  the  time,  a  the  amount  of  substance  at  the  beginning  of 
the  observation,  and  x  the  amount  transformed  after  an  interval  of 

time  t. 

The  velocity  constant  can  of  course  only  be  determined  where  the 
change  takes  place  suflBciently  slowly  for  the  composition  of  the 
mixture  undergoing  transformation  to  be  ascertained,  and  where 
either  the  process  can  be  suddenly  arrested  or  the  products  quickly 
analysed.  It  is  clear  that  these  conditions  render  the  study  of  many 
isomeric  changes  difficult  or  impossible,  and  the  result  has  been  that 
only  a  very  few  have  been  examined  dynamically.  In  such  cases  as 
the  transformation  of  acetochloranilide  into  p-chloracetanilide*  (p.  217), 
that  of  diazoaminoben2sene  into  aminoazobenzene  *  (p.  221),  of  aceto- 
phenoneoxime  into  acetanilide '  (p.  218),  it  has  been  found  that  the 
reaction  follows  the  mass  law. 

Generally  speaking,  these  completed  isomeric  changes  result  not  in 
the  transference  of  a  single  mobile  hydrogen  atom,  but  in  the  inter- 
change of  groups,  reactions  which  are  usually,  though  not  invariably, 
induced  by  the  presence  of  strong  acida  It  would  appear,  therefore, 
that  on  the  ionic  theory  the  change  is  produced  by  the  catalytic 
action  of  hydrogen  ions.  This  view  has  been  advanced  by  Gold- 
schmidt  and  Reinders  in  the  case  of  diazoaminobenzene,  by  ob- 
serving that  the  velocity  of  isomeric  change  from  diazoaminobenzene 
to  aminoazobenzene  increases  with  the  proportion  of  catalyst  (an 
aniline  salt)  and  with  the  dissociation  constant  of  the  acid  of  the 
salt.*  A  similar  view  has  been  expressed  by  Beckmann  in  reference 
to  the  reaction  which  beara  his  name.' 

*  J.  J.  Blanksma,  lUc,  trav.  Pays  Bos,  1902,  21,  866 ;  1908,  22,  290. 
s  Qoldschmidt  and  Reinders,  B«r.,  1896,  29,  1869,  1899. 

'  Lobry  de  Bniyn  and  Sluiter,  KonitUdijke  Akad.  van  Wetensehappen,  1904,  773. 

•  B€r,y  1896,  29,  1905.  *  Ber.,  1894,  27,  800. 


TRANSFERENCE  OF  HYDROCARBON  RADICALS  209 

Amisfinmice  of  VjrdxooarlKm  Ttodiomlg  (firani  Carbon  to 
CSirboiii),  The  pinacone-pinacoline  oonyersion  is  an  example  of  the 
tnaiqKMrition  of  a  ladioalfrom  carbon  to  carbon ;  strictly  speaking,  it 
18  not  an  isomeric  change,  for  the  process  is  accompanied  by  the  loss 
of  water ;  but  the  reaction  may  be  conveniently  discussed  here. 
Rttig^  found  that  when  tetramethyl  pinacone  is  distilled  with  dilute 
sulphuric  add  it  is  converted  into  pinaooline,  or  tertiary  butyl  methyl 
ketone. 

^\C(0H) .  CCOHxf      *  =  (CHgVjC .  CO .  CH3  +  HoO 

CHs'^  ^CHa 

Pinaeone.  Pinaooline. 

On  reduction  with  hydriodic  acid,  pinacoline  loses  oxygen  and  yields 
tettamethylethylene,  in  which  a  methyl  group  wanders  back  to  the 
original  carbon. 

(CHa)8C . CO .  CH3    ->    (CH8)3C.CH(OH).CH3 

^    (CH3),C:C(CH3)2 
Piedsely  similar  results  have  been  obtained  with  benzpinacone. 

Another  curious  change  is  that  produced  by  oxidation  which  trans- 
forms tetraphenylethylene  into  benzoyltriphenylmethane.^ 

(OeH5),C :  (HC^H,)^  +  O  -  (CeH,)3C .  CO .  C^K, 
To  the  same  ohuss  of  reactions  belong  the  conversion  of  hydrobenn>in 
into  diphenylacetaldehyde  under  the  action  of  sulphuric  acid  and  of 
benzil  into  benzflic  acid  by  fused  potassium  hydroxide. 

CeH^CHCOH) .  CH{0H)CeH5  «  (CeH5)2 .  CH .  CHO  +  Kfi 
Hydrobenzoin.  DiphenyUoetiildebyde. 

CeHs.  CO.  CO.  CeHs  +  H^O  «  (9,35)2 •  C(OH) .  COOH 

BenzU.  '         Benzilic  acid. 

The  same  kind  of  change  has  been  shown  by  Brumer,'  Wolff,*  and 
Knorr  *  to  occur  in  ring  compounds.  To  take  one  example,  Brumer 
found  that  phenyldimethyl  indolinol  is  converted  by  hydrogen 
chloride  into  a  dimethyl  indole  with  the  loss  of  a  molecule  of  water. 


/\ 


-C  •  CxX'i 


N 
I 

^  Annalen,  1860,  U4,  56. 

'  Delacre,  OompU  rend.,  1896, 122,  1202 ;  1896,  128,  245. 

'  MmatOi.,  1896, 17,  276 ;  1900,  21,  156. 

'  Atmalm,  1902,  822,  861.  »  Ber.y  1908,  86,  1272. 
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The  mechanism  of  this  change  is  still  obscure.^  The  wandering  of 
a  methyl  group  from  one  carbon  atom  to  another  is  occasionally  met 
with  among  other  groups  of  compounds.  Blaise*  found  that  aa- 
dimethylglutaconic  acid  on  reduction  with  hydrogen  iodide  gives  oa]- 
dimethylgluconic  acid, 


CH 

I 


3 


HOOC .  CH .  CH. .  CH ,  COOH 


I 
CH, 


CH, 


HOOC .  C .  CH :  CH .  COOH    - 

I 
CH3 

and  among  aromatio  compounds  a  similar  process  has  also  been 
obsenred.  Baeyer'  has  shown  that  by  exhaustiye  bromination  of 
eutetpene,  isogeraniolene,  and  similar  compounds,  the  methyl  group 
changes  its  position  in  the  ring.  Euterpene  gives  ethyl  o-xylene 
probably  in  the  following  steps : 

CHj 


H 


HC 

II 
HC 


C 

I  I 


CH 


CH3 
C 


'■8 


CH, 

M3H, 


H, 


Euteipene. 


HvX     JCH2 

CH3     CH3 

Intermediate  compound. 


CH3 

HcLjcH 

I 
CjHj 

Ethyl  o-xylene. 


whilst  isogeraniolene  gives  bromine  derivatives  of  two  trimethyl 
benzenes. 


CH3     CH3 

y 

H,c/\CH 


ij' 


CH, 

0 
.CH,  CH,.(y%3H 

•  C1I3  HCx^    y'C  •  GH3 

CH  CH 

v-Trimethylbenzene.  Pseudooumene. 


HjCX      yC  •  CH3 

CHj 
Isogeraniolene. 

Also  Crossley  and  Le  Sueur*  have  found  that  dimethyl  dlhydro- 
resoroinol  yields  with  phosphorus  pentachloride  a  small  quantity  of 
an  o-xylene  derivative. 


>  See  Werner  and  Orob,  Ber.,  1904,  87,  2887. 

*  OompL  rmd.j  1908, 186,  881.  >  Ber.,  1898,  81,  8067;  1899,  88,  8430. 

*  Tram,  CAem.  Sbc,  1902,  81,  827. 
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CH,     CH 


Dimethyl 
dihydro-resorcinol. 


CH3       CH3 

Y 

HjjC/NcH 

cidL  JJca 

Diohloro-dixnethyl 
dlhydrobenzene. 


and 


CH3 

I 
C 

Hc/Nc .  CH3 
ClcLvCCl 

Diohloro-o-zylene. 


Tnuisfer«nce  of  Tl>cHci>1ti  (from  Oxygon  to  Carbon),  daiaen  ^ 
found  that  isoacetophenone  ethyl  ether  when  boiled  under  pressure 
changes  into  phenylpropyl  ketone. 

G0H5C(OC2H5) :  CH2    — ►    C^H^ .  CO .  CH2 .  C2H5 

Isoaeetophenone  ethyl  ether.  Phenylpropyl  ketone. 

He  also  showed  that  the  acetyl  derivative  of  hydrozycrotonic  ester 
(from  acetoacetic  ester,  acetyl  chloride,  and  pyridine)  was  transformed 
by  means  of  potassium  carbonate  and  a  little  acetoacetic  ester,  or  by 
sodium  acetoacetic  ester  into  diacetoacetic  ester.' 

CH3  CH3 

C.O.COCHo 

II  - 

CH  CH .  COCH3 

COOC2H5 


CO 


COOC.H 


The  corresponding  alkyl  derivatives  do  not  undergo  this  conversion. 
Acetophenone  0-benzoate,'  on  the  other  hand,  is  converted  in  much 
the  same  way  by  the  action  of  metallic  sodium  and  a  little  aceto- 
phenone into  the  sodium  compound  of  dibenzoylmethane. 

CeH6CO(CO.CeH5):CH2    ^    CeH^CO .  CH2 .  COCeHg 

These  reactions  are  attributed  by  Claisen  to  the  displacement  by  the 
alkali  metal  of  the  acid  radical,  which  is  thereby  thrust  on  to  the 
adjoining  carbon  atouL  He  perceives  in  the  above  isomeric  change 
the  cause  of  the  formation  of  diacetoacetic  ester  when  acetyl  chloride 
acts  upon  sodium  acetoacetic  ester.  The  unstable  0-acetyl  derivative 
which  is  first  formed  passes  into  the  stable  C4icetyl  compound  (p.  176). 
The  theory  fails,  however,  to  explain  the  non-appearance  of  the  very 
stable  0-alkyl  derivatives  when  the  alkyl  iodides  react  with  the 
sodium  compound.* 
A  reaction  of  a  character  similar  to  the  foregoing  is  Kolbe's  well> 

1  £er.,  1896,  20,  2931.  '  £er.,  1900,  38,  8778. 

3  Claiaen  and  Haase,  jB«r.,  1908,  36,  8678. 

*  See  also  Dieckmann  and  Stein,  Ber,,  1904,  87,  8892. 
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known  salicylic  acid  process  in  which  phenyl  sodium  carbonate  is 

converted  into  sodium  salicylate. 

.OH 
CeHj.O.COONa    -^    CeHZ 

^COONa 

From  Vitrogan  to  Carbon.  The  interchange  of  radicals  between 
nitrogen  and  carbon  is  presented  by  the  conversion  of  alkyl  isocyanides 
into  cyanides  at  a  high  temperature.^ 

R.NC    ->    NCR 

Trom,  Oxygen  to  Vitrogen.  Examples  of  the  transference  of  an 
alkyl  group  from  oxygen  to  nitrogen  are  very  numerous.  Hofmann 
and  Olshausen*  and  also  Pomarew^  found  that  normal  cyanurie 
esters  pass  into  the  isocyanuric  esters  on  heating,  and  Wheeler  and 
Johnson  *  showed  that  imino  ethers  are  converted  into  alkyl  amides 
on  heating  with  alkyl  iodides.  Benzimino  ethyl  ether  heated  to  KXf 
with  ethyl  iodide  yields  ethyl  benzamide.  That  the  reaction  may 
be  brought  about  by  addition  of  alkyl  iodide  seems  not  improbable 
from  an  observation  of  Wislicenus  and  EOrber.' 

.NH  .NHC2H5I 

CeHfiO/  ->   CeH^Cr 

^OC^Hs  ^OC^Hg 

.NHC^Hg 
— >    C0H5 .  CC  +  C2H5I 

^O 

Wislicenus  and  Ooldschmidt*  noticed  that  in  many  cases  (benzimino 
ethyl  ether  is  an  exception)  mere  heating  will  convert  the  imino  ether 
into  the  amide.  The  imino  ether  of  formanilide  slowly  changes 
at  200°  into  ethylformanilide, 

CeHjN  :  CHOC2H5    ->    CeH5N(C2H,)CHO 

and  methoxycaffeine  gives  tetramethyluric  acid.  Lander,^  who  has 
repeated  the  experiments,  finds  this  isomeric  change,  by  heat  alone, 
not  easy  to  effect  in  any  case,  and  does  not  regard  it  as  a  simple 
transformation  (p.  181). 

Similar  changes  have  been  observed  by  Auwers "  in  which  acyl  and 
alkyl  radicals  of  aminophenol  derivatives  pass  from  oxygen  to  nitroge&t 

*  Wade,  Trans.  Chem*  Soc^  1902,  81,  608. 

«  Ber.j  1870,  8,  272.  >  Ber.,  188&,  18,  8269. 

*  Amsr,  Chmn.  Joum,,  1899,  21,  187.  •  Ber.,  1902,  86,  164. 

*  Btr.,  1900,  88,  1467.  ?  jvwns.  Chem,  80c.,  1908,  88,  411. 

*  AnnaXen,  1904,  882, 159. 
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,d  Stieglitz  and  Upson  ^  have  studied  an  analogous   process  in 
^v^hieh  aminophenylcarbonate  passes  into  phenolurethane, 

NH2.0eH4O.COOC2H5    -*    CgHgOOC .  NH .  CgH^ .  OH 


Cluuig«  (firom  Carbon  to  Vitrog«n).  The  reaction 
lias  already  been  described  and  consists  of  an  interchange  of  organic 
s-adical  and  hydroxyl  in  the  oximes  (p.  149)«  A  simple  illustration  is 
the  conyersion  of  acetophenoneoxime  into  acetanilide,  which  is 
usually  explained  in  the  following  fashion : 

C0H5  •  C  •  CH3  HO  •  C  •  CH3  O  :  C  •  CH3 

II  ->  II  ->  I 

HO.N  CftHfiN  CeHgNH 

Aoetophenoneoxime.  AoetanUide. 

The  change  can  be  effected  by  numerous  reagents,  such  as  the 
chlorides  of  phosphorus  and  other  organic  and  inoiganic  acid 
chlorides^  sulphuric  and  hydrochloric  acid,  acetic  acid,  and  anhydride 
and  phosphorus  pentoxide.  The  reaction  can  be  applied  not  only  to 
the  oximes  of  open  chain  aliphatic  and  aronuitic  ketones,  but  to  those 
of  cyclic  structures  like  a-hydrindone-oxime  which  changes  into 
hydrocarbostyrily* 

^<^  ^NH— CO 

iron  , 

and  isonitrosocamphor  which  passes  into  camphorimide.' 

C50 


«^"<L 


C :  NOH  yv 

-^    C,H„<Q>NH 


Another  curious  manifestation  of  the  Beckmann  change  is  the  con< 
version  of  cinnamic  aldozime  into  isoquinoline.* 

CJHs .  C5H :  CH .  CH  HO CH 

II        —  II        -* 

HO.N  CgHj.CHiCH.N 

Cinnamic  aldozime. 

XJH  =  N 

c,hZ         I 

XJH-CH 

laoquinoline. 

1  Amer.  Omt.  Jowm.,  1904,  81,  458;  1904,  82,  18. 

'  Kipping,  JYoc.  Chem,  80c,,  1898,  9,  240. 

"*  Angeli,  Real  Accad.  dei  Lincei  (6),  1,  441. 

«  Bamberger,  Goldschmidt,  JBer.,  1894,  27,  1956. 
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The  meohanism  of  the  change  in  spite  of  careful  study  is  still  very 
obscure.  The  original  reagent,  phosphorus  pentachloride,  used  by 
Beckmann^  and  the  formation  of  benzanilide  iminochloride  from 
benzophenoneoxime,  which  was  isolated  in  the  course  of  the  decom- 
position, rendered  it  probable  that  the  hydrozyl  was  replaced  by 
chlorine  and  then  underwent  rearrangement. 

CaHi(«  C .  CaHa      PCL      CaHk  •  C  •  CitHi 


ioH  ~*  NCI 


CeHg.CCl  HgO      CeHg.CO 

N.CeH^       "*  NHCeHg 

But  the  action  of  other  reagents  like  sulphuric  acid  cannot  be  ex- 
plained in  precisely  the  same  way.  The  radical  of  the  acid  might, 
however,  enter  in  place  of  hydrogen  or  hydroxyl  and  render  the 
latter  labile  and  more  prone  to  rearrangement.  The  behaviour  of 
y-benzilmonozime  towards  benzenesulphonic  chloride,  with  which  it 
combines  in  pyridine  solution,  renders  some  such  explanation  prob- 
able. It  is  represented  by  Werner  and  Piguet  ^  in  the  following  way  : 

C-Hg.C.CO.CeHg  HO.C.CO.CeH^ 

II  ^11 

HON  CeHgN 

CflH5SO..O.C.COC6H5 

-^  ^         II 

CeH,N 

If  this  is  a  correct  interpretation  it  indicates  that  the  process  is 
not  dependent  in  the  first  instance  on  the  hydroxyl  being  replaced  by 
a  negative  group,  although  there  is  nothing  to  show  that  the  inter- 
change precedes  rather  than  follows  combination  with  the  sulphonic 
chloride. 

The  small  quantity  of  phosphorus  pentachloride  or  oxychloride 
necessary  to  convert  benzo-  and  aceto-phenoneoxime  into  the  corre- 
sponding anilide,  and  the  trace  of  acid  chloride  required  to  transform 
benzaldoxime  benzyl  ether  into  benzylbenzamide, 

CeHg .  CH— N .  C7H7    -^    CeH5CO.NH.C7H7 


O 

Benzaldoxime-benzyl  ether.  Benzylbenzamide. 

led  Beckmann  *  to  formulate  the  somewhat  vague  hypothesis  that  the 
process  consists  in  the  transposition  of  electrically  charged 

4       ^  Ber.,  1904,  87,  4295.  •  Ber.y  1894,  87,  800. 
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or  lonB,  and  that  the  reagent  merely  acts  as  a  catalyst  by  increasing 
the  velocity  of  the  interchange. 

Stieglitz'  takes  a  very  different  yiew  of  the  mechanism  of  the 
process.  He  groups  together  under  one  head  the  Hofmann  method 
for  converting  amides  into  amines, 

R.CONHBr    ->    CO:NR  +  HBr 

Curtius'  process  for  producing  urethanes  from  azides, 

R.  CO.  N3  +  CH3OH  =  NHR.  COOCH3  +  N2 

including  the  formation  of  methylene  phenylimine  from  benzyl 
azide 

CeHftCHaNa  -  CH^ :  NC^H^  +  N^ 

the  conversion  of  acyl  hydroximic  salts  into  carbimides,* 

<0K 
=  C0:NR  +  CH3.C00K 
NO .  COCH3 

and  the  Beckmann  change.  In  all  of  these  reactions  the  radical 
passes  from  carbon  to  nitrogen,  and  a  general  explanation  has  been 
furnished  to  include  them  all. 

Stieglitz  shows  that  the  various  changes  described  above  are 
completely  arrested  if  a  radical  is  attached  to  the  nitrogen  atom,  as 
for  example  in  acetylchlorimino-amyl  ether  CH3 .  CO .  NC1(C5Hh) 
and  in  the  chlorimino  ethers  of  the  formula  RC( :  NC1)0R\  This  is 
scarcely  surprising  in  view  of  the  stability  of  the  imino  ethers  (p.  212). 
Nevertheless,  he  infers  that  before  the  change  can  occiu:  a  univalent 
nitrogen  atom  must  be  present.  The  bromamide,  azide,  and  acyl 
hydroximic  salts  yield  R .  CO .  N<  and  the  oximes  yield 


>•< 


In  the  present  incomplete  state  of  the  investigation  it  is  scarcely 
profitable  to  pursue  the  argument  further ;  but  it  may  be  pointed  out 
that  an  explanation  which  includes  only  a  few  arbitrarily  selected 
cases  out  of  a  large  number  of  isomeric  changes  is  not  likely  to  lead 
to  a  satisfactory  generalization. 

TrausfnrwLce  of  Tlailioalii  from  Side-Chain  to  Vnel&nm  (from 
Vitrogen  to  Vuelear  Carbon).  This  is  a  type  of  conversion  which 
is  most  commonly  experienced.  It  includes  the  reaction  of  Hofoiann 
and  Martins,'  which  consists  in  heating  the  hydrochloride  of  aromatic 

1  Amer,  Chem,  Jowm,,  1896,  18,  751 ;  1908,  29,  49,  289 ;  1908,  30,  899,  412. 

'  Hantzsch,  Ber.,  1894,  27,  1266. 

»  5*r.,  1871,  4,  742 ;  1872,  6,  704 ;  1874,  7,  526. 
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methylamino  compounds  to  250-850°  when  the  methyl  group  is 
transferred  from  the  nitrogen  to  the  o-  and  poabon  of  the  nudeos 
and  the  nuclear  hydrogen  to  the  nitrogen. 


NHCCHj) 


\y 


/\CH, 


o-Toluidine. 


and 


CHs 

17-Tolaidine. 


The  process  may  be  repeated  until  a  second  or  third  methyl  group 
is  introduced,  when  it  comes  to  an  end. 


NHg 
/NCH 


3 


NHa 
CHj/NcH, 


\k 


8 


CH. 


2  :  4>Xylidine.  2:4: 6-Gumidine. 

An  analogous  reaction  is  the  formation  of  a-alkyl  pyridines  from  the 
alkyl  pyridinium  iodides  (p.  637), 


Y 

I    B 


/\ 


N 


R 


A 


H 


and  phenylmethyl  pyrazole  from  phenylpyrazole  methyl  iodide.^ 


HC        CH 

N 


HC=CH 


CeHftl^    JC.OH, 


CH. 


/ 


^ 


Y 


Fischer  and  Hepp'  found  that  the  nitrosamine  of  monometbyl- 


>  Balbiano  and  Haschetti,  Beat,  Accad.  Lincei,  2,  (1),  Hi. 
^  Ber.,  1886,  19,  2991. 
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aniline  when  traated  with  hydrogen  chloride  in  alcohol  solution  passes 
into  j>-nitroso-methylaniline. 

N(N0)CH8  NHCH3 


V 


NO 


Bamberger*  discovered  that  phenylnitramine  undergoes  a  similar 
change  to  o-  and  j>-nitraniline  in  presence  of  mineral  acids  even  in  the 
cold. 


NH.NO5. 


\y 


NH 


/\ 


8 


NO, 


NH 


2 


and 


v 


\/ 


NO 


2 


Phenylsulphamic  acid,  C^HsNH .  SOsH,  which  Bamberger  and 
Hindermann  *  obtained  by  the  action  of  sulphxir  dioxide  on  phenyl- 
hydroxylamine,  changes  in  the  cold  into  aniline  o-sulphonic  acid  on 
the  addition  of  acetic  acid  and  a  few  drops  of  sulphuric  acid. 

NH .  SOgH  NH2 

Bamberger  and  Kunz'  further  observed  that  on  heating  the  ortho- 
compound  to  ISO-lOC"  with  strong  sulphuric  acid  the  latter  was 
converted  into  the  para-compound  (sulphanilic  acid).  The  above 
changes  may  indicate  the  course  of  the  reaction  between  sulphuric 
add  and  aniline  at  a  high  temperature,  which  is  the  common  method 
for  preparing  the  sulphanilic  acid.  Similar  to  the  changes  studied  by 
Bamberger  are  the  conversion  of  diacylanilides  into  acylamino  ketones^ 
by  means  of  zinc  chloride, 


<(        ^N(CO .  CHa)! 


CH 


3 


•KZ> 


NH .  COCH. 


and  the  transformation  which  acylchloro-  and  bromo-anilides,  &c., 
undergo  in  presence  of  glacial  acetic  acid  *  (X  «  halogen). 


<~> 


NX .  COCH. 


=<Z> 


>NH .  COCHj 


>  Ber.,  1898,  36,  471,  482  ;  1894,  27,  859 ;  1897,  80,  1248. 

=»  Ber.,  1897,  80,  654.  »  Ber.,  1897,  80,  2276. 

*  GhAttaway  and  Lewis,  Trans.  Chem.  Soe.,  1904,  85,  886.  589. 

*  Chattaway  and  Orion,  Trana.  Chem,  Soc,  1899,  75,  1046. 
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The  formation  of  j?-aminophenols  from  phenylhydroxylamine  and 
its  derivatives  by  the  action  of  mineral  acids  ^ 


/~\nH(OH)     ->      H0<^        ^NH, 

and  of  j^-phenylenediamine  from  phenylhydraadne*  by  heating  with 
strong  hydrochloric  acid  to  200^ 


/~\nH.NH2     ->     H2N/~\NHa 

are  examples  of  the  same  general  process. 

B»n«idine  ConTandon.  The  well-known  change  of  hydrazo- 
benzene  to  benzidine  on  boiling  with  mineral  acids,  known  as  the 
benzidine  conversion,  is  analogous  in  many  respects  to  the  foregoing 
reactions.  Zinin  ^  found  that  when  azobenzene  is  reduced  and  boiled 
with  sulphuric  acid,  benzidine  or  i)-diamino-diphenyl  is  formed. 
Hofmann^  subsequently  showed  that  an  intermediate  product, 
hydrazobenzene,  is  produced  during  reduction,  and  that  this  is  the 
substance  which  undergoes  the  transformation.  Schultz '  then  took 
up  the  investigation  and  discovered  a  small  quantity  of  a  second 
isomer,  called  diphenyline,  which  is  produced  simultaneously  with 
benzidine : 

V.  J V       ^  Benzidine. 

^NH-NH<^ y  ^       .^ . 

Hydrazobenzene.  X         /        x         X  * 

Diphenyline. 

From  the  formulae  it  will  be  seen  that  the  attachment  between 
two  nitrogen  atoms  in  hydrazobenzene  is  substituted  by  that  of  two 
carbon  atoms  of  the  nuclei,  the  amino  groups  being  transferred  to  the 
two  para  positions  in  benzidine  or  to  one  para  and  one  ortho  in 
diphenyline.  A  simple  way  of  visualizing  the  change  is  to  suppose 
the  two  nuclei  in  hydrazobenzene  to  separate,  and  in  the  one  case  to 
make  half  a  complete  revolution  before  joining  up  again,  and  in  the 
other  case  for  one  nucleus  to  be  turned  through  180°  and  the  other 
through  60°  before  joining. 

^  Bamberger,  £«r.,  1894,  27,  1349. 

«  Thiele  and  Wheeler,  Ber.,  1895,  28,  1588. 

3  J.  prokL  Chem,,  1846,  86,  93.  ♦  Jofcrert.,  1868,  424. 

^  Annalen,  1881,  207,  811. 
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In  a  serieB  of  papers  published  by  Jacobson  and  his  pupils '  the 
results  of  subjecting  substituted  hydrazobenzenes  to  the  action  of 
hydrochloric  acid  have  been  studied.  If,  for  example^  the  para 
position  to  the  nitrogen  in  hydrazobenzene  is  occupied  in  one  or 
both  nuclei,  wiU  the  conversion  into  benzidine  be  prevented,  or,  if 
not,  what  will  happen  ?  The  method  employed  by  Jacobson  was  to 
reduce  the  azo-derivatives,  which  are  readily  obtained,  with  an 
alcoholic  solution  of  stannous  chloride  and  hydrochloric  acid.  The 
hydrazobenzene  compound  would  thus  be  formed  and  simultaneously 
converted  into  the  required  products,  which  could  then  be  separated, 
identified,  and  estimated.  The  following  changes  are  possible,  sup- 
posing one  nucleus  to  be  substituted  in  the  para  position  by  B : 


e<3nh-nh<3 


NIL 


K 

Oriho^aemidlne. 
II 

NH. 
K 


NH^<^^        y-^        ^NHa 

Benzidine  (B  being  detached). 

I 


Para-temidine. 
Ill 


Diphenyl  base. 
IV 


y*  Decomposition  of  the  compound  into  two  molecules  of  base 
thus: 


b/~\nH  .  Nh/~\  +  H 


NH..  +  H 


aK<^        ^NHj 


It  has  been  shown  that  all  these  reactions  may  and  occasionally 
do  occur,  but  usually  the  principal  changes  are  limited  to  one,  or  at 
most  two,  of  the  above,  the  others  being  subordinate. 

The  following  table  contains  a  summary  of  the  results.  In  the 
first  column  are  the  elements  or  groups  occupying  the  position  B,  and 
the  signs  0,  i,ll,  and  Hi  indicate  roughly  the  extent  of  the  changes 
denoted  at  the  head  of  the  column. 


^  Annalm,  1895,  887,  97 ;  1899,  308,  290. 
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R 

Benzidine 

conversion. 

R  displaced. 

Ortho- 
semidine. 

Para- 
semidine. 

1 

Diphenyl 
base. 

CI 

II 

Ill 

Ill 

Br 

1 

III 

1 

III 

I 

? 

II 

0 

III 

ocooAs 

0 
II 

III 
0 

II 
0 

0 
111 

N(CH,), 

0 

1 

0 

III 

NH.OOOH. 

0 

0 

III 

0 

CH, 

0 

III 

V 

• 

9 

• 

COOH 

III 

? 

0 

0 

The  following  table  contains  the  percentage  amount  of  product 
representative  of  each  change  where  one  or  both  para  positions  are 
occupied : 

A20-compound. 


OA 


/ 


<Z> 

CHj 
<(        ^Z~)>OC.H, 


Ortho- 
semidine. 

Para- 
semidine. 

Deoom- 
position. 

42 

14 

86 

50 

21 

20 

9^6 


<(~y^/^ )oc,H, 


28 


47 


51 


26 


18 


W  _ 

CHa<^        y^2<(^        \0CjH 

CHg/        )>N2\        yOOHj .  CH(0H3)j         — 


CH 


K 


/ 


'6^6 


CH, 


CH, 


N2' 


C"H 


tH, 


2^5 


ch/ 


CH, 


29 


48 


50 


36 


10 


CH,     CHo 


*CZ^K_^*^ 


2*»5 


58 


50 


41 

86 

84 

72 
77 
78 
88 

18 

21 

48 

44 


<3Hr 


CUT 


BENZIDINE  CONVEESION  221 

The  main  pointa  of  interest  to  be  derived  £rom  the  above  table  are, 
firstly,  that  substitution  of  bothi^-positions  determines  decomposition 
into  two  molecules  of  base,  and,  secondly,  that  the  presence  of  methyl 
groups  in  the  ortho  position  to  the  azo  group,  irrespective  of  the 
nucleus,  diminishes  the  ortho-semidine  conversion.  The  latter  obser- 
vation appears  to  be  intimately  connected  with  those  anomalous 
reactions  which  are  discussed  under  steric  hindrance  (p.  224). 

A  change  closely  analogous  to  the  benzidine  conversion  has  been 

observed  by  Ingle  and  Mann  ^  in  the  action  of  alkaUs  on  dibenzal- 

phenylhydrazone,  which  passes  into  benzilphenylhydrazone. 

C.H5CH :  N .  N .  CeH.  G^Ufi  :  N .  NHCeHg 

I  -*  I 

CeHgCH  :  N .  N .  C^U^  C^Ufi :  N .  NHCeHg 

^^^^*^'«**^^^*^'^**«^«^  Oonyendon.  The  conversion  of  diazo* 
amino  compounds  into  aminoazo  derivatives  by  the  action  of  a  small 
quantity  of  hydrochloride  of  the  aromatic  base  was  discovered  by 
Eekul^  in  1866. 

C^HsN :  N .  NHCgHj    -*    CeH^N :  NCeH^NH^ 

Nietzki  *  found  that  a  similar  reaction  failed  with  J^diazoamino- 
toluene  and  i>-toluidine  hydrochloride,  but  was  successful  if  the 
toluidine  salt  were  replaced  by  the  hydrochloride  of  o-toluidine  or 
aniline,  giving  rise  to  the  following  two  products : 


p-Tolueneazo-o-ioluidine. 
p-Tolueneazo-aniline. 

The  failure  of  |>-toluidine  to  combine  was  due  to  the  fact  that  the 
azo  nitrogen  attaches  itself  by  preference  to  the  carbon  para  to  the 
amino  group,  and  in  |>-toluidine  it  is  already  appropriated.  Never- 
theless, the  reaction  with  l^toluidine  was  subsequently  found  by 
Zincke  and  Jaenke '  to  yield  a  certain  quantity  of  p-tolueneazo^- 
toluidine,  in  which  the  azo  nitrogen  attaches  itself  to  the  carbon  in 

ttie  ortho  position  to  the  amino  group. 

CH3 

;>-Tolueneazo-p-toluidiiie. 

>  Tram.  Otm.  Soc,f  1895,  67,  606.  "  Ber.,  1877, 10,  666. 

9  Ber.y  1888,  21,  548. 
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The  same  obeervers,  in  the  course  of  the  same  investigation,  made 
it  quite  clear  that  the  conversion  is  the  result  not  of  an  intramole* 
eular,  but  of  an  intermolecular  process,  for  they  obtained  aminoazo* 
f^toluene  from  diazoaminobenzene,  and  jvtoluidine  hydrochloride 
dissolved  in  j9-toIuidine. 

CeH«N  :  N  .  NHCgH,  +  2CH3CeH^NH2 .  Ha 

6 
1  vCH 

=  CH.CfiH^N :  N .  CeH8<       ^  +  2CeH5NH2 .  HQ 

^NHa 

2 

A  much  more  complete  study  of  the  change  has  been  carried  out 
by  Goldschmidt  and  his  collaborators.^  They  have  followed  the 
4K>ur8e  of  the  reaction,  where  interchange  of  radicals  was  eflbcted,  by 
determining  the  alteration  of  freezing-point  and  the  nature  of  the 
products  formed  during  the  conversion.  In  this  way  they  found 
that  the  interchange  of  radicals  occurs  in  the  diazonium  stage,  that 
iOf  before  the  aminoazo  conversion  sets  in.  They  interpret  the  results 
as  follows:  the  production  of  aminoazotoluene  from  diazoamino- 
benzene and  j^-toluidine  hydrochloride  dissolved  in  j^-toluidine  con- 
fiists  in  the  formation  of  an  additive  compound  of  hydrogen  chloride 
with  diazoaminobenzene,  which  is  very  unstable,  and  in  which  aniline 
residues  are  replaced  by  toluidine  residues. 

CeHfiNH  C7H7NH 

\  \ 

NCI  +  2C.H7NH2  =  NCI  +  2C«H5NHj 

CeHjNH  C^H^ira 

The  product  in  presence  of  a  large  excess  of  toluidine  then  unites 
with  another  molecule  of  j)-toluidine, 

C7H7NH  C7H7NH 


\ 


CI  +  H  i  C^HflNHg  =  N .  C^He .  NH^  +  Ha 

/  / 

C7H7NH  C7H7NH 


which  breaks  up  into  toluidine  and  aminoazotoluene.  In  subsequent 
papers,  already  referred  to  (p.  208),  the  velocity  of  the  change  diazo- 
amino-aminoazo  has  been  studied  and  shown  to  foUow  the  mass  law 
for  unimolecular  reactions. 

'  Ber.f  1892,  26,  1347 ;  1896,  29, 1S69,  1899. 
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Interoluuige  of  Acid  TJafliolB  (from  Vitrogen  to  Vmeloar 
Carbon).  Hantzsch  ^  has  obseired  an  interchange  of  halogen  of  the 
nadeus  with  the  acid  radical  of  a  diazonium  salt  in  the  case  of 
diazonimn  halides  and  thioeyanates.  Thus  chlorobenzenediazonium 
thiocyanate,  when  dissolyed  in  alcohol  containing  hydrogen  chloride, 
passes  into  thioeyanobenzenediazonium  chloride, 

aCeH4N(CNS)N  =  (CNSAH^NCIN 

and  this  change  is  facilitated  by  increasing  the  number  of  halogen 
atoms  in  the  nudeus.  An  interchange  of  chlorine  and  bromine  has 
also  been  noticed  under  similar  circumstances ;  di-  and  tri-bromoben- 
zeuediazonium  chloride  exchange  bromine  for  chlorine.  Dibromo- 
benzenediazonium  chloride  may  be  converted  step  by  step  into 
diehlcrobenzenediazonium  bromide. 

BrjCeHsNaN    ->    ClBrCoHaNBrN    ->    daCeHgNBrN. 

% 

Xeduuiini  of  Isomeric  Change.  At  present  there  is  no  theory 
which  covers  every  form  of  isomeric  change.  Although  some  chemists 
consider  that  all  these  processes  are  intermolecular  and  not  intra- 
molecular, and  due  to  the  intervention  of  a  third  substance  or  catalyst, 
there  is  no  evidence  that  this  is  always  the  case,  and  the  subject  must 
await  the  results  of  future  research. 
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CHAPTER    VI 

STERIC  HINDRANCE 

From  time  to  time  curious  irr^^larities  have  been  obeenred  in 
the  progress  of  certain  typical  reactions.  These  isolated  and  scattered 
examples  have  now  been  correlated  and  traced  to  one  fundamental 
cause,  that  of  steric  hindrance.  The  term  is  intended  to  denote  the 
influence  exerted  on  a  reacting  group  by  the  spatial  disposition  of 
neighbouring  atoms. 

As  &r  back  as  1872  Hofmann  found  that  dimethylxylidine 
(CH3)aCeH3N(CH3)2 ,  dimethylmesidine  (CH3)3CeH2N(CH3)8 ,  and 
pentamethylaminobenssene(CH3)5Cfi.NH2  give  little  or  no  quaternary 
ammonium  compounds  when  heated  with  methyl  iodide  to  150°, 
and  concluded  that  '  this  inability  to  unite  with  methyl  iodide  must 
depend  upon  some  kind  of  molecular  arrangement  V  In  1888  Men 
and  Weith '  found  that  perchloro-  and  perbromo-benzonitrile  and  heza- 
chloro*a-naphthonitrile  cannot  be  hydrolysed  by  the  usual  reagents, 
and  in  the  following  year  Hofmann  made  the  same  observation  in 
regard  to  tetramethyl-  and  pentamethyl-benzonitrile. 

CN  CN 

cny^cH, 


CH 


8 


IH3 


CH3 

During  the  years  1891  and  1892,  in  a  more  extended  investigation, 
Glaus  and  his  pupils  showed  that  resistance  to  hydrol3^ais  is  greatly 
enhanced  if  one,  and  still  more,  if  both  ortho  positions  to  the  cyanogen 
group  are  substituted  by  halogen  alkyl  or  nitro  groups.' 

In  1889  Jacobson*  noticed  that  pentamethylbenzamide 

Ce(CH3)5C0NH, 

(obtained  by  the   action  of   aluminium    chloride    on    a    mixture 
of  chloroformamide  and  pentamethylbenzene)   completely   resists 

'  Ber,,  1872,  6,  718,  718;  1875,  8,  61.  '  Bir.,  1888, 16,  2886,  2S92. 

'  Annalen,  1891,  266,  878 ;  266,  225 ;  1892,  269,  212  et  aeq. 
*  Ber.,  1889,  22,  1219. 
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hydrolysis,  and  Glaus  ^  again  pointed  out  that,  like  the  nitriles,  many 

diortho-Bubstituted  derivatiyes   of  ii-toluylamide    exhibit    unusual 

stability. 

NOjj 

GH3/        SgO  .  NH,  GH 


2 


NOj 


NH 


2 


o-Nitro-o-bromo-p-toluylamide. 


o-Dinitro-j9-toluylamide. 


O.NHc 


o-Dibromo-p-toluylamide. 

Since  then  the  conditions  which  determine  the  hydrolysis  of  cjranides 
and  amides  have  been  made  the  subject  of  more  careful  study  by 
Sudborough  and  by  Bemsen  and  Beid,  and  will  be  referred  to  again 
(p.  286).  In  1890  Pinner '  observed  similar  anomalies  in  the  prepara- 
tion of  imino-ethers  from  nitriles  by  the  action  of  alcohol  and  hydro- 
chloric add,  which  usually  takes  place  according  to  the  equation : 

B.GN  +  GoHftOH  +  HCl  =  E,  Gf  .  HCl 

Certain  ortho^ubstituted  nitriles  refused  to  react.  Neither  o-tolu* 
nitrile,  2*4  dimethylbenzonitrile,  nor  a-naphthoic  nitrile  (which  may 
he  regarded  as  an  ortho-substituted  compound)  give  imino  ethers, 
whereas  )3-naphthoic  nitrile  enters  readily  into  the  reaction. 


GN 


/V\3N 


W 


a-Naphthoic  nitrile.         /S-Naphthoic  nitrile. 

And,  again,  both  cyanogen  groups  in  isophthalic  and  terephthalic 
nitrile  readily  react,  whereas  in  homophthalic  nitrile  only  one  cya- 
^ogen  group  forms  an  imino  ether. 


Homophthalic  nitrile. 


*  JnnaUn,  1891,  206,  864  }  266,  223  ;  1892,  269,  208. 

*  B$r.,  1890,  28,  2917. 


226 


STEBIC  HINDRANCE 


Another  series  of  observations  belonging  to  the  same  class  of  pheno- 
mena was  the  subject  of  a  careful  study  by  Kehrmann',  who  found 
that  ortho  substitution  in  the  quinones  retards  or  inhibits  the  fomu- 
tion  of  oximes.  Quinone  gives  a  diozime,  m-dichloroquinone  yields 
a  monozime,  and  chloranil  gives  none. 


C:NOH 
/\ 


Y 


:NOH 

Qainonedioxime. 


CO 

ci/Nci 


C:NOH 
m-Biehloroquinoneozinie. 


CO 

a/Noi 

OhloraniL 


In  the  case  of  mono-substituted  quinones,  such  as  monochloroquinMte 
and  toluquinone,  the  oxygen  which  has  no  ortho  substituent  is  first 
replaced  by  the  ozime  group  before  the  second  oxygen  reacts. 


O 

Aci 

Y 

NOH 


O 


Ac 


H 


3 


NOH 


In  the  case  of  para-disubstituted  quinones  containing  a  halogen  and 
a  methyl  group,  the  oxime  group  replaces  oxygen  in  the  ortho  posi- 
tion to  the  alkyl  group.  Where  two  alkyk  are  present  oxygen  ifl 
first  replaced  in  the  ortho  position  to  the  smaller  group.  Examples 
of  this  are  afforded  by  iHshlorotoluquinone  and  thymoquinone. 


CI 


O 

A 

NOH 


O 


CoH 


'8 


JH, 


A 

IJCH, 
NOH 


Eehrmann  concluded  that  it  is  less  the  nature  of  the  substituentB 
(halogen  or  alkyl)  than  their  presence  in  the  ortho  position  to  the 
quinone  oxygen  which  interferes  with  the  reaction. 

Similar  irregularities  have  frequently  been  observed  in  the  forma- 


1  Ber^  1888,  SI,  8815 ;  1890,  28,  8657  ;  J.  prakL  Chem.,  1889  (2),  40,  257;  1890 
(2),  42,  184 ;  see  also  Nietzki  and  Schneider,  Ber.,  1894,  27, 148L 
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Urn  of  ozimes  from  aromatic  ketones.    Neither  phenylmeeitylketone, 
zylyl'^-tolylketoQe  nor  benzpinaeoline  react  with  hydrozylamine.' 


CHs 


CO 

Phenylmesityl- 
ketone. 


/\m 


Xylyl-o-tolylketone. 


6^5)3 

Benzpina- 
eoline. 


Many  examples  of  the  same  kind  have  been  recently  brought  to 
light  by  Bammi  and  Y.  Meyer.'  It  should,  however,  be  pointed  out 
that  the  nature  of  the  second  radical  attached  to  the  ketone  group 
also  influences  the  result,  for  both  mesityl  aldehyde  and  mesityl- 
glyozylic  ester  readily  form  oximes. 


CH3 
CHO 

Mesityl  aldehyde. 


ca 


ca 


CO .  COOC2H5 

MeBitylglyozylic  ester. 


From  the  close  analogy  existing  in  structure  and  mode  of  formation 
between  the  hydrazones  and  oximes,  similar  results  might  be  looked 
for  in  the  action  of  phenylhydrazine,  an  anticipation  which  experi- 
ence has  fully  justified.  The  presence  of  ortho  substituents  retard 
or  prevent  the  reaction  in  precisely  the  same  way.  On  the  other 
luind  mesitylglyoxylic  acid,  and  especially  its  dinitro  derivative, 
unite  with  this  reagent." 

A  further  example  of  interference  is  a£Ebrded  by  the  well-known 
reaction  between  aromatic  aldehydes  and  primary  aromatic  amines, 
which  give  rise  to  benzalanilines.  Hantzsch  found  that  the  reaction 
does  not  occur  with   symmetrical  tribromo-  and  trinitro-aniline.^ 


1  Hantzsch,  Ber.,  1890,  28,  2778 ;  Smith,  Ber,,  1891,  24,  4060 ;  Beckmann  and 

Wegerhoff,  AnnaXen^  1889,  252, 14 ;  Harries  and  HUbner,  Anruden,  1897, 296,  801. 

'  Ber.,  1895,  28,  8207 ;  1896,  29,  886,  2564. 

'  Annalen,  1891,  264,  144.  * 

Q  2 


Ber.j  1890,  28,  2776, 
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Furthermore,  the  formation  of  hydrazones  of  benzaldehyde  with 
ortho-substituted  hydrazines,  such  as  o-hydrazinebenzoic  add, 

CflH4(COOH)NHNH2 

is  prevented,  whilst  the  corresponding  meta-compound  readily  com- 
bines. 

Victor  ]E«y«r's  Estorifioation  Zaw.  The  majority  of  the  fore- 
going isolated  examples  of  abnormal  reactions  were  known  when, 
in  1894,  v.  Meyer  drew  attention  to  a  very  remarkable  case  of  inte^ 
ference  in  the  formation  of  esters,  which  has  found  expression  in 
his  esterification  law. 

In  attempting  to  prepare  the  methyl  ester  of  mesitylene  carboxylie 
acid  by  the  action  of  hydrochloric  acid  on  a  mixture  of  alcohol  and 
acid  in  the  cold,  no  ester  was  formed,  although  the  same  process 
produced  a  nearly  theoretical  yield  in  the  case  of  benzoic  and  its 
monomethyly  3 : 5-dimethyl  (mesitylenic  acid)  and  3:4: 6-trimethyI 
(durylic  acid)  derivatiyes.^  This  did  not  arise  from  any  inability 
on  the  part  of  mesitylene  carboxylie  acid  to  form  an  ester,  for  it  was 
readily  obtained  from  the  silver  salt  by  the  action  of  the  alkyl  iodide. 
This  observation  was  followed  by  the  discovery  that  durene  carboxylie, 
isodurene  carboxylie,  and  pentamethyl  benzoic  acid,  all  of  which 
contain  methyl  groups  in  both  ortho  positions  to  the  carboxyl,  share 
the  property  with  mesitylenic  acid  in  yielding  no  ester  with  hydro- 
chloric acid  in  the  cold. 


COOH 


COOH 


CH. 


Durene 
carboxylie  acid. 


CH, 


Isodurene 
carboxylie  acid. 


!H3 

Pentamethyl 
benzoic  acid. 


The  same  thing  was  foimd  to  occur  with  diortho-substituted  chloro-, 
bromo-,  and  nitro-benzoic  acids,  which  formed  no  ester,  whilst 
similar  compounds  with  at  least  one  free  ortho  position  yielded  the 
ester  without  difficulty. 

That  the  inactivity  of  the  ortho-substituted  acids  arises  from  the 
position  occupied  by  the  groups  rather  than  from  their  ohemicil 
nature,  is  evident  from  the  similar  efifect  produced  by  both  positive 


^  Ber.,  1894,  27,  510, 1580 ;  1895,  28,  1255,  2774,  8197 ;  see  also  Gkittermaim, 
Bsr.,  1899,  82, 1117. 
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alkyl  and  negative  halogens  and  nitro  groups.  That  the  interference 
10  further  determined  by  steric  conditions  seems  probable  from  the 
behaviour  of  both  mesityl  acetic  and  mesityl  glyoxylic  acid  (in  which 
the  carboxyl  is  removed  from  the  proximity  of  the  two  methyl 
groups),  for,  unlike  mesityl  carboxylic  acid,  they  readily  yield  esters. 

COOH 


L 


I 

CH/X!H. 


\k 


H3 

These  preliminary  observations  led  V.  Meyer  and  his  pupils  to 
a  more  elaborate  quantitative  examination  of  the  phenomenon.  In 
estimating  the  amount  of  ester  formed  at  a  given  temperature  they 
adopted  the  method  of  Fischer  and  Speier,  which  consists  in  heat- 
ing the  acid  with  methyl  alcohol  containing  2  or  8  per  cent,  of 
hydrogen  chloride  for  a  definite  time.  In  this  way  it  became 
possible  to  determine  the  relative  rate  of  esterification  in  oases  where 
the  process  was  not  prevented,  but  merely  retarded. 

KeUas  ^  estimated  the  relative  quantity  of  ester  of  ortho-,  meta-, 
and  para-isomers  of  mono-substituted  benzoic  acids  formed  at  different 
temperatures,  and  although  he  found  the  rate  of  esterification  to 
increase  with  rise  of  temperature,  the  ortho  compound  always  yielded 
the  smallest  amount  of  ester.  The  following  examples,  which  repre- 
86iit  the  percentage  of  acid  esterified  in  two  hours  at  61^,  illustrate 
the  point  in  question : 


GH, 

CI 

Br 

I 

NO, 

0. 

48.8 

50.9 

48.4 

20.5 

8.6 

m. 

77.1 

72.0 

66.6 

57.6 

57.1 

p. 

.    75.6 

70.5 

61.0 

52.9 

57.1 

Benzoic  acid  «  82*5. 

The  results  agree  with  the  velocity  constants  (K)  of  esterification 
which  were  ascertained  by  Goldschmidt.'  The  reaction  between 
Mid  and  alcohol  is  bimolecular,  but  if  the  quantity  of  alcohol  is 
large  in  proportion  to  the  acid,  the  former  may  be  regarded  as  con- 
stant in  quantity,  whilst  the  influence  of  the  small  amount  of  hydro- 
chloric acid  (2  per  cent.),  which  acts  the  part  of  a  catalyst,  is  too 
insignificant  to  be  regarded.    The  reaction,  therefore,  resolves  itself 

^  ZtiL  phyt.  Ckem.,  1897,  24,  221.  ^  Ber.,  1895,  d8,.821& 
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into  a  unimolecular  one,  and  the  velocity  constant  may  be  determined 
from  the  usual  equation  for  a  unimolecular  non^reversible  reaction, 

*  -  7  log 


t     ®  a — X 

in  which  k  is  the  velocity  constant,  t  the  time,  a  the  concentrstion 
of  the  acid  at  the  beginning,  and  x  the  amount  of  ester  formed  in 
time  t  By  heating  at  constant  temperature  and  withdrawing  a  por- 
tion of  the  mixture  at  intervals,  the  quantity  of  ester  formed  can  be 
rapidly  estimated  by  titrating  the  free  acid.  The  following  are  some 
of  the  numbers  obtained  for  k : 

CH,                   Br  NO, 

0.          0.0111               a0208  0.0028 

m.          0.0470               0.0668  0.0296 

p.          0.0241               0.0460  0.0261 
Benzoic  acid  ->  0.0428. 

Attention  is  drawn  to  the  fact  that  in  both  series  of  determinations 
the  effects  of  meta-  and  para-substitution  are  not  equivalent,  and  the 
greater  esterification  values  in  the  case  of  the  meta-compounds  points 
to  the  existence  of  other  factors  in  the  phenomenon  of  interference 
which  cannot  be  disregarded  in  seeking  for  a  complete  explanation. 
The  relative  amount  of  esterification  of  different  diortho  acids  has 
also  been  the  subject  of  a  careful  study  by  V.  Meyer.  ^  He  found, 
for  example,  that  no  esterification  took  place  in  twelve  hours 
at  0°,  or  by  Fischer  and  Speier's  method  in  the  case  of  ^thymotic, 
o-phenylsalicylic,  mesitylene  carboxylic,  and  other  diortho  acids  in 
which  both  ortho  hydrogen  atoms  are  replaced  by  hy droxyl  or  methyl 
groups ;  but  that  if  hydrochloric  acid  gas  is  passed  into  the  boiling 
alcoholic  solution  for  several  hours,  the  followmg  percentage  of  ester 
was  formed, 

Thymotic  acid  28.8 

o-PhenylflkUoylio   „  764S 

Mesitylene  carboxylic    „  64.6 

Pentamethyl  benzoic    „  70 

Durene  carboxylic    „  60 

whereas  symmetrical  trichloro-,  tribromo-,  trinitro-,  and  2 : 6-dibromo- 
benzoic  acids  under  similar  conditions  remained  unchanged.  Van 
Loon  and  Y.  Meyer  '  have  also  shown  that  2-fluoro-6*nitroben2oic  acid 
gives  2  per  cent,  of  ester  on  standing  for  twelve  hours  at  0°,  that 
is,  under  conditions  which  in  the  case  of  benzoic  acid  yield  97  per 
cent«  of  ester,  whilst  V.  Meyer  found  that  even  the  ortho  hydrogen 
atoms  in  benzoic  acid  diminish  the  amount  of  ester,  inasmuch  as 

^  Ber^  1896,  28,  1254.  *  Ber.,  1896,  20,  889. 
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phenylaoetic  acid  is  more  rapidly  esterified  than  benzoic  acid.  It 
would,  therefore,  appear  that  whilst  hydrogen,  fluorine,  hydroxyl,  and 
methyl  retard  esterification,  to  a  greater  or  less  extent,  it  is  only 
completely  arrested  by  chlorine,  bromine,  iodine,  and  nitro  groups. 
V.  Meyer  draws  the  conclusion  that  the  atomic  weights  or  size  of  the 
groups  which  prevent  esterification  in  the  hot  liquid  are  much  larger 
than  those  which  only  produce  this  effect  in  the  cold.* 


BeUwd. 

H-  1 
CHs  =  15 
0H«  17 

F-  19 


Gl-    86.4 
NO,-    46 
Br«   80 
I-b127 


This  view  cannot  be  strictly  maintained ;  for  it  has  been  shown 
that  little,  if  any,  difference  is  effected  by  substituting  a  larger  alkyl 
ndieal  for  methyl,  and  moreover  there  is  little  doubt  that  in  spite  of 
its  comparatively  small  atomic  weight,  the  nitro  group  has  a  much 
more  powerful  effect  than  the  other  three  halogens  of  the  second 
column  in  preventing  esterification.' 

A  further  interesting  observation  on  the  rate  of  esterification  is  the 
effect  produced  by  an  adjoining  nucleus.  From  the  fact  that  both 
fi^bloro-  and  j3-hydroxy-a-naphthoic  acid  cannot  be  esterified  in  the 
cold, 

COOH  COOH 


\/\/ 


W 


whereaB   /3-chloro-    and    /3-hydroxy-j8-naphthoic    acid    behave   like 
benzoic  acid, 


it  follows  that  the  CH  group  of  the  adjoining  nucleus  behaves  like 
an  ortho  substituent* 

The  effect  of  ortho  carboxyl  groups  on  the  rate  of  esterification 
appears  from  the  behaviour  of  the  polycarboxylic  acids  to  resemble 


'  B§r^  1895,  S8,  1260. 


*  Kellas,  ZeU,  phffs.  ChenL,  1897,  24,  221. 
»  Ber.,  1895,  28,  1254. 
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generally  that  of  the  other  groups.'  Whilst  trimesic  and  pyromeliitie 
acid  give  a  nearly  quantitative  yield  of  eater  in  the  oold, 

COOH 

/\  cooh/\xk)h 

HOOcl     JcOOH  COOhIJcOOH 

TrimMio  aeid.  Pyromeliitie  add. 

hemimellitic  and  prehnitic  acid  give  a  dimethyl  ester. 

COOCHs  COOCHj 

/%300H 


/NOOOH 


V 


JCOOCHs 


Hemimellitie  ester. 


IJCOOH 

COOCHj 
Prehnitio  ester. 


3-Nitro-  and  4 :6^initrophthalic  acids  yield  chiefly  monoalkyl  esters, 


/NjOOCHj 

sJoOOH 

NOj. 
S-Nitrophthalie  ester. 


NO, 
'^COOH 


NO 


kj^ 


lOOCH, 


4 : 6-Dinitrophthalic  ester. 


whilst  8 : 6-climtrophthalic  acid,  the  tetrahalogen  deriYatLves  of  tere- 
phthalic  and  isophthalic  acid  and  also  mellitic  acid  fonn  no  ester 
at  all."* 


NOa 
/NCOOH 

vJcOOH 
NOo 


COOH         COOH 

x/Nx    x/\x 

xl     Jx      xl     JcOOH 
COOH        X 


COOH 
HOOC/NCOOH 


H 


8  : 6-Dinitrophthalic      Tetrahalogen  (X)  derivatives 
aoid.  of  terephthalic  and  isophthalic 

acid. 


oocljcoo 

COOH 

Mellitic  acid. 


On  the  other  hand,  the  tetrahalogen  deriyatiyes  of  phthalic  aoid 
and  8 : 6-dichlorophthalic  aeid,  as  well  as  8 : 6-dichloro-2-benzoyl- 
benzoic  acid  and  tetrachloro-2-benzoylb6nzoic  acid '  do  not  obey  tiie 
esterification  law,  inasmuch  as  they  form  monoalkyl  esters.  Another 
exception  is  the  8-nitrophthalic  acid,  which,  according  to  Marckwald 

^  Ber^  1894,  27,  1680.  2  Ber.,  1894,  27,  8l46. 

'  Graebe,  Ber^  1900,  88,  2026. 
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and  McKenzie,'  forma  with  amyl  alcohol  a  little  o-monoamyl  ester 
in  addition  to  the  /3-compound.  Also  hemipinic  acid,  which  forms 
an  add  ester  in  the  first  instance, 

OCHj 


OCH, 


(.^JCOOH 
COOCH3 

Hemipinic  monomethyl  ester. 

can  be  converted  by  prolonged  esterification  into  the  neutral  com- 
pound. 

We  may  conclude  then  that  the  carboxyl  or  carbalkoxyl  group,  in 
spite  of  its  atomic  weight,  resembles  the  members  of  the  alkyl  and 
hydroxyl  series,  rather  than  those  of  higher  atomic  weight,  seeing 
that  its  effect  is  to  retard  rather  than  prevent  esterification* 

From  the  results  of  the  above  investigation  V.  Meyer  formulated 
the  following  law :  *  When  the  hydrogen  atoms  in  the  two  ortho 
positions  to  the  carboxyl  in  a  substituted  benzoic  acid  are  replaced 
by  radicals,  such  as,  CI,  Br,  NO2,  GH3,  GOOH,  an  acid  results 
which  can  only  be  esterified  with  difficulty  or  not  at  all.' 

The  Esterification  Law  applied  to  Fatty  Acids.  The  interesting 
results  which  have  been  derived  from  the  study  of  the  aromatic 
acids  suggested  a  similar  behaviour  on  the  part  of  substituted  fatty 
adds  which  possess  a  structure  analogous  to  the  diortho  compounds 
of  the  aromatic  series. 


COOH  COOH 

I 


C  or,  C 

;h 

In  other  words,  it  seemed  not  unlikely  that  di-  and  tri-substituted 
acetic  acids  would  be  influenced  by  the  esterification  law.  Men- 
schutkin  in  1879  ^  showed  that  the  rate  of  esterification  of  the  mono-, 
di-,  and  tri-methyl  acetic  acids  rapidly  decreases  in  the  order  given 
when  alcohol  and  acid  are  heated  together  in  the  absence  of 
hydrogen  chloride  (aiftocatalysis).    Lichty ',  using  the  same  method, 

1  Ber,,  1901,  84,  486.  »  Annalen,  1879,  195,  884;  107,  193. 

»  Amer.  Chem.  J.,  1896, 17,  27 ;  1896,  28,  590. 
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found  that  the  increase  in  the  number  of  chlorine  atoms  fiMdIitsted 
esterification.  The  subject  has  leoeiYed  a  much  more  thorough 
treatment  at  the  hands  of  Sudboroug^  and  his  oollesguesy*  who  haire 
determined,  by  the  method  employed  by  Ooldschmidti  the  esterification 
constants  (p.  280)  of  a  long  series  of  substituted  acetic  acids  in 
presence  of  hydrochloric  acid  The  following  are  the  results  obtained, 
in  which  £  stands  for  the  esterification  constant  for  ethyl  alcohol  at 
14 '5^  and  K  for  the  dissociation  constant  determined  by  Ostwald  and 
others. 


Acid. 

Formula. 

£. 

K. 

Acetic 

OII3.GOOH 

M61 

0.00180 

Propionic 

CH,Me.OOOH 

8.040 

0.00184 

Monoehloneetic 

<?H,OLOOOH 

2.483 

0.166 

Fhenylaeetic 

GH«Ph.0OOH 

2.088 

— . 

Bromaoetic 

OH.Br.OOOH 

1.994 

ai88 

lodBcetic 

GH,LCOOH 
CHMe^OOOH 

1.718 

0.076 

iBobntyric 

1.0196 

0.00144 

Trimethylaeetic 

GMe,.CX)OH 

0.0909 

0.000978 

Dichloracetic 

CHCl^GOOH 

0.0640 

6.14 

DiphenyUcetic 

CHFht.COOH 

0.06S86 

^— 

Dibromacetic 

CHBr^GOOH 

ao6io 

_ 

Trichloracetic 

CC1..C00H 

0.0672 

121.0 

o-BromiBobntyric 

CMe,Br.COOH 

0.0866 

— 

aa*Dibromopropionic 

CMeBr^COOH 

0.0242 

8.8 

Tribromaoetic 

CBrs.OOOH 

0.01846 

— 

The  experimental  evidence  clearly  indicates  that  the  rate  of 
esterification  is  retarded  in  proportion  to  the  number  and  size  of 
the  atoms  or  groups  introduced  into  the  acetic  add  molecule,  and 
is  independent  of  the  strength  of  the  add  as  determined  by  its 
dissociation  constant.  Similar  influences  therefore  a&ect  the  esteri- 
fication of  both  fSatty  and  aromatic  acids.  Other  contributions  to  the 
subject  of  esterification  have  only  served  to  demonstrate  the  steric 
effects  which  underlie  the  process.  One  investigation  by  Sudborou^ 
and  Lloyd  has  reference  to  unsaturated  acids  of  the  acrylic  seriee^  of 
the  formula  CHX  :CY.  COOH  and  CXY :  CZ .  COOH,«  all  of  which 
can  exist  in  cis  and  trans  configurations.  Ois  acids  of  both  the  above 
formulae  are  difficult  to  esterify  by  Fischer  and  Speier's  method, 
whilst  the  corresponding  trans  acids  are  readily  converted  into 
esters. 

A  second  paper '  by  Bone,  Sudborough,  and  Sprankling  on  the 
esterification  of  the  mono  esters  of  the  methyl  succinic  acids  '  affords 
another  example  of  the  retardation  induced  by  the  successive  intro- 

^  Trans,  Chem.  Soc,  1899, 76,  467. 
'  Trana.  Chem.  Soc.,  1898,  78,  81. 
3  Trans,  Chem,  Soc,,  1904,  87,  684. 
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duetion   of  methyl  groups'.     Also,  Blaise^   has  shown  that   in 

o^-dimethylsuccinic  acid   the  tertiary  carboxyl  is  more  difficult  to 

esterify  than  the  primary  group. 

From  what  has  been  already  stated  of  the  absence  of  any  relation 

between  the  dissociation  constants  and  rate  of  esterification  (p.  284), 

it  is  clear  that  the  process  is  not  determined  by  the  presence  of  free 

ions.     The  explanation  suggested  by  Wegscheider'  assumes  that 

the  ester  formation  is  preceded  by  the  addition  of  a  molecule  of 

alcohol  and  acid, 

.0  yOKi 


B. CC        +HOE1  «  B . Cf^OH 
X)H  \0H 


from  which  water  is  then  removed. 

yOBi  yOBi 

B.C^H-B.C^     +H2O 

This  view  finds  some  confirmation  in  the  fact  that  whilst  benzoic 
ester  forms  an  additive  compound  with  sodium  methoxide,  mesity- 
lenic  ester  does  not. 

It  is  easy  to  conceive  that  the  presence  of  large  groups  or  atoms 
in  the  neighbourhood  of  the  carboxyl  of  the  acid  molecule  would 
interfere  with  the  interaction  of  the  alcohol  molecule  by  preventing 
the  formation  of  the  additive  compound. 

An  apparent  contradiction  of  this  view  is  the  formation  of  aoetals 
(by  the  action  of  aldehydes  on  alcohols  in  presence  of  hydrochloric 
acid)  which  was  studied  by  £.  Fischer  and  Giebe,' 

CeHs .  CHO  +  2CHaOH  -  CeHftCHCOCHa)^  +  HgO 

for  oitho-substituted  aldehydes  like  2 : 5-dichloro-  and  2-nitro-8:6- 
dichloro-benzaldehyde  react  more  readily  than  the  unsubstituted 
compound  itself;  but  this  may  be  merely  an  example  of  steric 
hindrance  neutralized  by  the  specific  effect  of  acidic  groups,  which,  like 
nitro  groups  in  the  hydrolysisof  esters  (p.  236),  and  of  ortho^ubstituted 
cyanides  (p.  287) ;  in  the  reduction  of  nitro  compounds  (p.  241)  and 
in  the  formation  of  hydrazones  (p.  227),  assist  the  reaction. 

Hydrolysis  of  Esters.  If  the  esterification  law  is  based  on  steric 
hindrance,  similar  influences  might  be  expected  to  underlie  the  rate 
of  ester  hydrolysis.  Such  indeed  is  the  case,  although  there  are 
notable  differences  in  the  character  of  ester  formation  and  hydrolysis, 
to  which  attention  will  be  drawn.    The  rate  of  hydrolysis  of  mono- 

>  Gmnft.  rend.,  1898, 126,  768.  *  Monatsh.,  1895, 16,  148. 

*  Btr^  1898,  81,  545. 
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sabstitiited  benzoic  esters  was  examined  first  by  Y.  Meyer'  and  then 
more  thoroughly  by  KeUas',  who  found  thai  substitution  in  the 
ortho  position  hinders  the  process  more  than  in  the  meta-  or  paca- 
position ;  but  whilst  methyl  in  the  two  latter  positions  retarded 
hydrolysis  as  compared  with  benzoic  ester,  the  presence  of  the  halogens 
and  still  more  of  the  nitro  group  increased  it,  so  that  the  absolute 
rate  of  hydrolysis  of  both  the  mono-halogen  and  mono-nitro  sub- 
stituted benzoic  esters  is  in  many  cases  greater  than  that  of  benzoic 
ester  itsel£  But  as  a  rule  the  general  effects  of  ester  hydrolysis  ran 
parallel  with  those  of  esterification,  and  in  most  cases  the  esterification 
law  enables  us  to  predict  the  result. 

Thus  the  ortho-substituted  esters  of  a-naphthoic  acid  are  more 
difficult  to  hydrolyse  than  those  of  the  )3-compound ;  in  the  mono- 
halogen  or  mono-nitroterephthalic  esters  the  ester  group  in  the  meta 
position  to  the  substituent  is  first  attacked ;  the  same  happens  with 
the  nitrophthalic  esters,  in  which  hydrolysis  of  the  ester  group 
fiurthest  from  the  nitro  group  takes  precedence.  An  explanation  such 
as  V.  Meyer  applied  to  esterification  may  be  repeated  here,  for  the 
molecule  of  alkali  may  form  an  additive  compound  with  the  ester 
previous  to  the  rupture  of  the  alcohol  molecule. 

Bydrolyns  of  Amides  and  Aejl  CSiloridea.  The  steric  influences 
which  retard  hydrolysis  underlie  the  formation  or  non-formation  of 
amides  when  ammonia  acts  on  esters^  and  the  same  phenomenon  has 
been  observed  in  the  hydrolysis  of  ortho^ubstituted  acid  chlorides, 
cyanides,  and  amides,  as  well  as  in  the  action  of  alcohols  on  acid 
chlorides.  Fischer  and  Dilthey  studied  the  first  reaction  in  the  case  of 
the  series  of  alkyl  malonic  esters,' whilstV.Meyer,^  Sudborough  and  bis 
collaborators,  and  also  Glaus  investigated  the  hydrolysis  of  acid  chlo- 
rides, amides,  and  cyanides  of  the  benzene  series.  Fischer  and  Dilthey 
found  that  not  only  did  the  presence  of  dialkyl  groups  in  malonic  ester 
retard  the  formation  of  amides,  but  that  diethyl  and  dipropylmalon- 
amide  were  more  slowly  hydrolysed  than  the  parent  substance.  From 
a  study  of  the  acid  chlorides  Sudborough '  concludes  that  those  in 
which  substitution  does  not  occur  in  either  of  the  ortho  positions  ara 
readily  decomposed  by  dilute  alkalis,  whereas  those  which  have 
a  bromine  atom  in  one  ortho  position  are  relatively  more  stable,  but 
where  both  ortho  positions  are  occupied  by  bromine  atoms  the  com- 
pounds are  remarkably  stable  and  are  only  converted  into  the  corre- 


1  Ber.f  1896,  28,  18&  >  ZtiU  phys.  Oiem.,  1897,  24, 

'  Ber.,  1902,  86,  844.  *  Ber,,  1894,  27,  8158. 

*  Trang.  Chem,  Soc,,  1896,  67,  601. 
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sponding  sodium  salts  of  the  acids  by  long  continued  boiling  with  an 
alkali  solution. 

It  has  already  been  mentioned  that  Glaus  and  his  pupils  in  1891 
and  1892  observed  the  difiSculty  with  which  ortho-substituted  benz- 
amides  imdergo  hydrolysia  The  subject  attracted  fresh  interest  after 
the  discoyery  of  the  '  esterification  law ',  and  Sudborough,  in  conjunc- 
tion with  Jackson  and  Lloyd,^  submitted  the  process  to  a  more 
searching  examination.  The  hydrolysis  was  effected  with  80,  50,  or 
75  per  cent  sulphuric  acid  at  160^,  or  at  the  boiling-pointy  and  a 
comparison  made  of  the  quantities  of  acid  formed  in  a  given  time. 
The  results  conclusively  showed  that  ortho-substituted  derivatives 
strongly  retarded  the  process,  so  that  under  conditions  which  effected 
almost  complete  hydrolysis  of  8 : 5  and  2 :  4<libromobenzamide  only 
11  per  cent,  of  2 : 6-dibromo  and  4*5  per  cent,  of  2 : 4 :  6-tribromo- 
benzamide  were  converted.  Of  the  same  nature  are  the  constants 
obtained  by  Remsen  and  Beid '  of  the  comparative  rates  of  hydrolysis 
of  ortho-,  meta-y  and  para-substituted  benzamides  in  which  the  re- 
tarding effect  of  the  ortho  substituent  is  very  evident. 

Eydrolysui  of  CyaaidAs.  That  the  cyanides  should  behave  like 
amides  on  hydrolysis  is  a  natural  conclusion  which  the  observations 
of  Glaus  and  others  on  the  hydrol3rsis  of  substituted  benzonitriles, 
referred  to  in  the  earlier  part  of  the  present  chapter,  have  served  to 
confirm.  The  subject  is  reopened  merely  to  draw  attention  to  the 
influence  of  the  nitro  group  in  this  reaction,  for  it  is  not  a  little 
significant  that  the  presence  of  one,  still  more  of  two,  nitro  groups 
greatly  facilitates  hydrolysia  Whilst  great  difficulty  is  experienced 
in  hydrolysing  £{ynim-trimethylbenzonitrile  the  mono-  and  dinitro- 
derivaiiYOS  may  be  completely,  though  slowly,  converted  into  acids.' 
It  is  clear,  therefore,  that  the  nitro  group  plays  a  special  r6le  in 
modifying  steric  influences,  a  Cftct  which  also  becomes  evident  in  the 
rate  of  reduction  of  nitro  compounds  (p.  241). 

Action  of  Alcohols  on  Acid  Chlorides.  Steric  influences  also 
determine  the  union  of  acid  chlorides  with  alcohols,  and  among  the 
series  of  menthyl  esters  of  disubstituted  benzoyl  chlorides  obtained 
by  the  writer  and  his  collaborators,^  it  was  invariably  found  that 
the  diortho  compound  requires  a  much  higher  temperature  and  more 

^  Trans,  Chffm.  Soc,,  1895,  07,  601 ;  1897,  71,  229. 

*  Amer,  Chem.  J,,  1899,  21,  840. 

'  KOster  and  Stallbei^,  AnndUn,  1894,  278,  207. 

*  Ttans,  ChenL  Soc,  1906,  89,  1482. 
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prolonged  heating  than  the  other  acid  chlorides  to  effect  combination 
with  menthol. 

Formation  of  Alkylajnmoniiim  Iodides.  Reference  has  already 
been  made  to  Hofinann's  observation  that  certain  tertiary  aromatic 
amines  refuse  to  combine  with  alkyl  iodide  to  form  quaternary  com- 
pounds. The  subject  was  reinvestigated  by  Fischer  and  Windaus,' 
who  showed  that  it  was  clearly  the  effect  of  steric  hindrance.  For  of 
the  six  isomeric  xylidines,  though  they  can  be  converted  into  tertiary 
bases  by  Noelting's  method  (using  methyl  iodide  and  sodium  carbo- 
nate), it  is  only  the  2 : 6-compound  which  gives  no  quaternary  ammo- 
nium iodide.  The  same  is  the  case  with  the  different  isomeric 
bromotoluidines  and  bromoxylidines.  Moreover,  Friedlftnder '  found 
that  2 : 6-xylidine  can,  with  difficulty,  be  converted  into  the  tertiary 
diethyl  compound,  whilst  Effront '  could  only  obtain  traces  of  the 
dimethyl  tertiary  base  with  2-methyl-6-isobutyl  toluidine  and 
methyl  iodide  at  150^  Decker  drew  attention  to  the  same  pheno- 
menon in  connection  with  the  o-  or  a-substituted  quinolines. 


iAA 


0      N 

which,  like  the  diortho  xylidines  or  bromotoluidines,  will  not  combine 
with  alkyl  iodides. 

Acetylation  of  Secondary  Bases.  Paal  and  ElromschrOder* 
have  shown  that  not  only  does  o-nitrobenzyl  chloride  react  with 
difficulty  to  form  o-nitrobenzyl-o-nitraniline  when  the  nh  and  p* 
compounds  readily  unite,  but  that  the  product  obtained  is  proof 
against  acetylation. 


<^>^..KH<f3> 
NO2  NO^ 

o-Nitrobenzyl-o-mtraniline. 

Furthermore,  of  the  compounds  obtained  by  combining  jp-nitro- 
benzyl  chloride  with  the  three  isomeric  nitranilines,  only  the  0- 
nitraniline  derivative  resists  the  introduction  of  the  acetyl  and  formyl 
group.  It  follows,  therefore,  that  the  ortho-nitro  group  of  the  base 
controls  the  action,  and  from  the  fact  that  o-nitrobenzyl-o-anisidine 

>  5«r.,  1900,  33,  845,  1967.  ^  Monatsh.,  1898, 19,  645. 

'  Ber.,  1884,  17,  2817.  *  J.  prakt,  CHem^y  1896,  54,  266. 
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giveB  a  formyl  deriyative,  it  would  seem  that  this  action  is  deter- 
mined by  the  negative  character  of  the  group. 

NO2  CHgO 

o-Nitrobenzyl-o-anisidine . 

Aetion  of  Vitrons  aad  Vitrie  Add  and  Diaio-salts  on  Aromatio 
Amines.  Steric  hindrance  also  appears  to  modify  the  action  of 
nitric  and  nitrous  acid  and  diazo  compounds  on  ortho-substituted 
secondary  and  tertiary  bases.  Thus  dimethyl-o-toluidine  and  0- 
methoxy-dimethyl  aniline,  unlike  dimethyl  aniline,  give  no  nitroso 
derivatives,  although  the  para  position  is  free.  Similarly  o-substituted 
dialkyl  or  acetalkyl  anilines  give  meta-  and  not  para-nitro  deriva- 
tiyes.  Diazobenzene  chloride,  which  readily  forms  an  aminoazo  com- 
pound with  dimethyl  aniline,  reacts  with  difiSculty  when  an  ortho- 
Bubetituted  dialkyl  aiuline  is  present  In  these  cases  the  ortho 
Buhstituent  is  supposed  to  influence  the  initial  formation  of  an 
additive  compound  which  is  assumed  to  occur  between  the  nitrogen 
of  the  tertiary  base  and  the  reagent  previous  to  substitution  in  the 
nucleus. 

Aetion  of  Benialdehydes  on  Aromatic  Amines.  The  same 
explanation  may  serve  to  explain  the  non-formation  of  triphenyl- 
methane  derivatives  when  union  between  aldehydes  and  o-substituted 
tertiary  bases  is  attempted.  The  reaction,  which  occurs  according 
to  the  following  scheme,  _^ 

CgHsCHO  +  2C,HjN(CH3),  -  CjHsCH  +  HgO 

is  effected  by  attachment  of  the  aldehyde  carbon  to  the  para-carbon 
atom  of  the  amine,  and  there  is  no  obvious  reason  why  ortho  substi- 
tation  should  produce  steric  hindrance  unless  some  kind  of  additive 
compound  with  the  tertiary  nitrogen  is  assumed. 

li^  in  place  of  a  tertiary  amine,  a  primary  aromatic  amine  is  sub- 
stituted, it  is  the  m-substitution  which  hinders  the  reaction.  Whilst 
o-toluidine  reacts  readily  withi)-nitrobenzaldehyde,  the  m-compound 
does  so  with  di£Bculty.  We  must  suppose  here  that  the  aldehyde 
carbon  attaches  itself  directly  to  the  para-carbon  of  the  nucleus. 
That  the  reactions  with  primary  and  tertiary  bases  should  afford  so 
curious  a  contrast  in  behaviour  is  somewhat  striking. 
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Fonuatioii  of  BosanilineB.  The  difficulty  of  combining  aldehydes 
with  meta-substituted  bases  reappears  in  the  formation  of  the  rosani- 
lines,  in  which  ^-toluidine  is  oxidized  in  presence  of  primary  aromatic 
amines,  a  reaction  which  in  reality  resolres  itself  into  a  combination 
of  aldehyde  and  amine,  thus : 

NHg-CfiH^CHa  +  02  =  NH2.CeH4.CHO  +  Hfi 
NH2.C0H4.CHO  +  2CeH5NH2  +  O 


-  NH, .  CgH* .  qOHl  +  H,0 

In  the  example  given,  both  p-toluidine  and  aniline  may  be  replaced 
by  other  amines  ;  but  Noelting  has  shown  that  if,  in  place  of  aniline, 
meta-amines  like  m-toluidine  and  symm-tn-zylidine  are  substituted, 
the  reaction  does  not  take  place.  The  reason  from  the  stereochemical 
standpoint  is  clear  enough,  when  we  consider  that  the  methyl  group 
in  the  meta  position  to  the  carbon  stands  in  the  ortho-position  to  the 
para-carbon  with  which  the  aldehyde  group  always  interacts.  The 
argument  might  be  advanced  that  rosaniline  derivatives,  having  meta- 
substituted  groups  are  incapable  of  existence,  but  this  is  met  by  the 
fact  that  indirect  methods  have  been  successfully  used  in  their 
preparation. 

Many  other  examples  of  steric  hindrance  might  be  given,  but  we 
shall  limit  ourselves  to  two  more :  the  action  of  phosphorus  penta- 
chloride  on  hydroxy-acids,  and  of  ammonium  sulphide  on  nitro 
compounds. 

Aetion    of    Phosplionui    Fentaohloride    on    Hydroxy-aeids. 

AnschUtz^  and  his  pupils  have  shown  that  the  ordinary  course  of  the 
reaction  between  phosphorus  pentachloride  and  hydroxy-adds  is 
usually  presented  by  the  following  two  equations : 

yOK  X)H 

CflH4<  +  PCI5  =  CeH4<  +  POCI3  +  HCl 

\COOH  N3OCI 


.OH  'yO.POCl, 

+  POCI3  =  CeH4<  +  HCl 

JOa  XJOCl 

If,  however,  the  two  ortho  positions  to  the  hydroxyl  are  occupied  as 


CeHZ 
MX 


*  Ber.,  18»7,  SO,  981. 
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in  o-meUiylsalicylic  acid,  the  phoephoruB  oxyohloride  produces  no 
change  in  the  hydrozyl  group. 

CH9  Cli^ 

POCI3  +  HCI 


/~~\0H  +  PCl5  -  <^        ^H  + 

dooH  doci 


Baduetioii  of  Vitro  Compounds.  The  writer,  in  conjunction 
with  D.  McCandlish,  studied  the  action  of  ammonium  sulphide  on 
8  variety  of  substituted  nitro  derivatives  of  benzene.^  It  was  in- 
variably  found  that^  although  the  presence  of  acidic  groups  facilitates 
reduction,  the  nitro  group  was  more  slowly  attacked  by  the  reducing 
agent  if  it  occurred  in  the  ortho  position  to  a  methyl  or  ester  group, 
than  when  present  in  the  meta  or  para  position. 

Biaehoirti  '  YarkettimgMi '.  The  subject  of  steric  hindrance  would 
scarcely  be  complete  without  some  reference  to  the  enormous  mass  of 
detailed  research  which  has  been  accumulated  by  Bischoff  and  his  col- 
laborators on  Verfcethingen  or  conditions  affecting  the  linking  of  simply 
constituted  compound&  We  cannot  pretend  to  sift  the  whole  of  the 
materials,  but  we  may  point  out  that  steric  influences  as  factors  deter- 
mining chemical  change  are  throughout  clearly  in  evidenca  A  few 
examples  must  suffice.  Sodium  malonic  ester  readily  reacts  with 
halogens,  alkyl  halogens,  and  halogen  esters,  and  the  process  may 
often  be  repeated  by  introducing  a  second  sodium  atom  and  halogen 
group. 

COOCjHft  CH .  (COOCgHg)^ 


CIH] 


+  2NaI 


JH .  (COOCaHfi)^ 


1.  2CHNa        +I2  = 

I 
COOCgHg 

COOC2H5  COOC2H5 

2.  CHNa      +ICH3-CH3.CH  +N»I 

I  I 

COOCjHg  COOC2I15 

COOC2H5  COOC2H5 

I  I 

8.  CHNa       +  BrCHj .  COOCgH^  =  CH .  CHj .  COOCjHc  +  NaBr 

COOCjHg  COOC2H5 

Ho8.  2  and  8  may  be  combined  by  introducing  an  acetic  ester  group 
into  methyl  malonic  ester. 

*  Trans.  Chem.  Soc,  1905,  87,  1257. 
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COOCoHft  COOC0H5 

I  I 

CH3 .  CNa  +  BrCHa.  COOC2H5  =  CH3  .C.  CHj.  OOOCjHg  +  NaBr 

COOCaHg  COOCaHj 

Sterie  influences  begin  to  assert  themselves  in  the  last  reaction  as 
soon  as  larger  alkyl  groups  are  introduced  into  the  malonic  ester 
molecule  on  the  one  hand,  or  the  a-bromine  atom  in  the  halogen 
ester  is  replaced  by  one  forming  a  tertiary  group.  For  example^  if 
sodium  methyl  malonic  ester  and  a-bromo  isobutyric  ester  are  boiled 
together  in  alcoholic  solution,  the  reaction  proceeds  abnormally  in 
the  following  manner,  in  which,  instead  of  the  a-carbon,  *C  becomes 
linked  to  the  malonic  ester  molecule. 

COOCaHfi  *CH8 


ir  -    I 


CHjCNa  +  Br .  C .  COOCjHg 

COOV2H5  Cxlg 

COOC,H. 

I 
-=  CH3. C.  CHo.  OH. COOCjHj  +  NaBr 

I  I 

CO2O2H5  CH3 

In  xylene  solution,  however,  the  reaction  takes  its  normal  course. 

Also,  in  such  a  case  as  the  linking  of  sodium  phenates  and  halogen 
esters,  sterie  influences  may  modify  the  result. 

Whilst  sodium  {^nitrophenate  and  a-bromopropionic  ester  combine 
in  a  normal  fashion, 

/NO2 
OeHK         +  CH3  •  CHBr .  COOC2H5 
M)Na 

/NO2 
-  CeH4<         /CHs  +  NaBr 

M).CH 

\COOC2H5 

no  reaction  occurs  with  a-bromoisobutyric  ester. 

In  reviewing  the  foregoing  results  it  must  be  admitted  that  a 
strong  case  has  been  made  out  for  the  principle  of  sterie  hindranca 
At  the  same  time  a  fact,  which  has  been  frequently  emphasized,  must 
not  be  overlooked ;  namely,  the  specific  nature  of  the  group  or 
groups  present  in  the  compound  resists  certain  expected  changes' 
In  illustration  of  this,  it  has  been  pointed  out  by  Stewart^  that  the 

1  Trans,  Chsm.  Soc,  1906,  87,  185. 
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formation  of  bisulphite  compounds  of  ketones  is  determined  by  the 
nature  of  the  radicals  attached  to  the  ketone  group ;  that  whilst  the 
increase  in  the  size  of  the  hydrocarbon  radical  retards,  the  presence 
of  carboxyl  facilitates  bisulphite  formation.  This  reactivity  has 
been  attributed,  not  to  efifects  of  steric  hindrance,  but  to  potential 
tautcmensm^  a  property  which  is  supposed  to  be  manifested  by  absorp- 
tion bands  in  the  ultra-violet  (see  p.  201)} 

Again,  Auwers  and  Perkin  find  that,  whereas  methylacrylic  acid 
condenses  readily  with  sodium  malonic  ester,  dimethylacrylicacid  gives 
a  V617  small  yield,  and  trimethylacrylic  acid  refuses  to  react.  This 
may  be  merely  a  case  of  the  positive  alkyl  groups  affecting  the  whole 
cfaaraeter  of  the  compoimd  and  not  necessarily  one  of  interference, 
just  as  the  additive  power  of  defines  for  bromine  is  diminished  by  the 
attachment  of  negative  groups,  such  as  carboxyl,  ester  and  phenyl 
groups,  or  bromine  atoms  to  the  doubly  linked  carbons.  The  con- 
cairent  influences  of  position  and  character  of  the  group  are  not 
always  easy  to  differentiate,  but  for  that  very  reason  the  conclusion 
that  an  apparently  anomalous  reaction  is  to  be  placed  to  the  account 
of  steric  influences  should  be  made  with  caution. 

It  must  be  confessed  that  we  are  still  profoundly  ignorant  of  the 
change  which  substituents  effect  in  the  character  of  the  molecule  as 
a  whole,  the  causes  which  determine  the  rules  of  orientation,  the 
reason  why  positive  groups  like  methyl  and  amino  groups  facilitate 
nitration,  sulphonation,  acetylation  by  the  Priedel-Crafts'  method,' 
Ac,  why  negative  groups  assist  hydrolysis  of  cyanides,  reduction  of 
nitro  groups,  acetal  formation,  &c.,  and  a  host  of  other  phenomena 
of  a  similar  nature.  Until  clearer  views  obtain  on  these  sub- 
jects it  can  scarcely  be  hoped  that  real  progress  will  be  made  on  the  ^ 
nature  of  chemical  change.  The  expression  'steric  hindrance'  will 
meantime  afford  a  useful  and  quite  appropriate  title  for  docketing 
a  number  of  allied  phenomena. 
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CHAPTER   Vn 

CONDENSATION 

Thb  terms  condensation  and  condensation  product  imply  a  process 
and  its  result  which  have  never  been  clearly  defined,  but  which  at 
the  same  time  convey  a  distinct  idea.  Thus,  the  combination  of  ethyl 
alcohol  and  acetic  acid  to  form  an  ester — a  reaction  in  which  water 
is  separated — ^would  not  be  termed  condensation,  yet  the  union  of 
two  molecules  of  acetaldehyde  to  form  crotonic  aldehyde,  in  which 
water  is  likewise  removed,  would  be  regarded  as  a  typical  example 
of  such  a  process. 

CH3 .  COOH  +  C2H5OH  =  CH3 .  COOCjHfi  +  HjO 

Aoetio  acid.    Ethyl  aloohol.        Ethyl  acetate. 

CH3 .  CHO  +  CH3 .  CHO  -  CH3.  CH:CH.  CHO  +  HjO 

Acetaldehyde.  Crotonic  aldehyde. 

Again,  all  reactions  of  which  the  conversion  of  aldehyde  into  aldol 
may  be  taken  as  the  type  are  termed  oMoU  condensations  ;  but  in  this 
case  no  water  is  separated. 

CH3.  CHO  +  CHg .  OHO  =  CHg .  CH(OH) .  CH, .  CHO 

Acetaldehyde.  Aldol. 

It  is  easy  to  draw  a  distinction  between  the  formation  of  acetic  estier 
from  alcohol  and  acetic  acid  and  that  of  crotonic  aldehyde  from 
acetaldehyde.  In  the  first  reaction  the  two  molecules  are  linked  in 
the  new  product  by  oxygen,  and  are  again  readUy  separated  by 
hydrolysis ;  but  in  the  second  reaction  the  new  linkage  is  established 
between  carbon  atoms,  and  the  product  is  consequently  of  a  much 
more  stable  character.  This  might  help  us  to  a  definition,  were  it 
not  that  in  the  third  example  no  water  is  eliminated,  although  the 
new  combination  is  effected  between  carbon  atoms. 

Although  it  is  true  that  the  formation  of  aldol  is  eovered  by  the 
term  polymerisation^  and  should,  strictly  speaking,  be  included  in  this 
category,  yet  it  is  distinct  from  the  process  which  gives  rise  to  psr- 
aldehyde,  a  compound  which,  unlike  aldol,  is  readily  dissociated  into 
the  original  aldehyde.  In  other  words,  the  one  is  a  reversible,  the 
other  is  practically  a  non-reversible  procesa 
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Ab  the  formation  of  aldol  is  intimately  linked  with  that  of  crotonic 
aldehyde^  it  would  be  illogical  to  draw  distinctions  between  the  two 
processes  and  the  term  aldoil  condensation  is  therefore  justified. 

Condensation  may,  then,  be  defined  as  the  union  of  two  or  more 
organic  molecules  or  parts  of  the  same  molecule,  with  or  without 
elimination  of  component  elements,  in  which  the  new  combination 
18  eifected  between  carbon  atoms. 

If  this  definition  is  accepted  it  will  naturally  embrace  every  kind 
of  reaction  in  which  new  organic  compounds  are  elaborated  by  the 
linlring  of  carbon  atoms.  Used  in  this  sense  the  word  condensation 
can  be  conveniently  applied  to  denote  a  certain  section  of  the  more 
comprehensive  category  of  constructive  chemical  changes  which  are 
included  in  the  term  synthesis. 

There  is  no  intention  of  implying  that  the  combination  between 
carbon  atoms  is  subject  to  different  conditions  from  those  obtaining 
among  other  elements.  The  union  is  as  a  rule  more  stable,  but  not 
necessarily  so,  and  many  reversible  changes  are  known,  in  which 
the  carbon  atoms  part  company  as  well  as  combine.  It  must  be 
recognized  that  the  diatinction  is  aitificiiJ  and  merely  convenient 
Also,  for  convenience,  it  is  desirable  to  distinguish  between  exteimal 
condensation,  in  which  two  or  more  different  molecules  become  linked 
together  and  intemal  condensation,  in  which  carbon  atoms  in  the  same 
molecule  combine. 

The  process  of  condensation  is  connected  with  the  early  history  of 
organic  chemistry,  and  was  the  outcome  of  the  first  systematic 
attempts  at  organic  synthesis. 

In  the  following  pages  it  is  intended  to  give  a  general  survey  of 
the  principal  condensation  processes. 

Metallic  Beagents.  It  was  in  the  pursuit  of  the  free  radicals 
that  Frankland  first  used  potassium  and  the  alkyl  cyanides,  which 
in  1849  he  replaced  by  zinc  and  the  alkyl  iodides  (p.  85).^ 

This  inquiry  resulted  in  two  discoveries  of  the  highest  importance 
—the  synthesis  of  the  para£Sns  and  the  production  of  the  first  organo- 
metallic  compounds.  The  method  devised  by  Frankland  of  using 
a  metal  to  remove  the  halogen  from  an  organic  halogen  compound 
80  as  to  effect  a  union  between  the  residual  parts  of  the  molecules 
has  undergone  a  wide  extension. 

The  Method  of  Wiirti.    In  1855  Wurtz '  introduced  sodium  in 

1  PhiL  Trans.,  1852,  142,  417 ;  Annakn,  1868,  85,  829. 
^  AnndUn,  1865,  96,  866. 
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place  of  zinc  for  preparing  different  paraffins  from  the  alkyl  iodide 
as,  for  example,  butane  from  ethjl  iodide, 

2C2H5l  +  2Na  =  C4Hio  +  2NaI 

and  the  same  method  was  applied  by  Fittig  ^  in  1863  to  the  prepara- 
tion of  the  homologues  of  benzene. 

CfiHsBr  +  CH3I  +  2Na  -  C^R^ .  CHj  +  NaBr  +  Nal 

Bromobenzene.  Toluene. 

In  1868  Wislicenus  ^  employed  finely  divided  metallic  silver  in  the 
synthesis  of  dibasic  from  monobasic  acids. 

CHg.CHjj.COOH 
2CH2I . CHa . COOH  +  2Ag  «  I  +2AgI 

CH2 .  CHg .  COOH 

3-Iodopropionic  acid.  Adipio  aoid. 

Finely  divided  copper,  although  occasionally  used  in  place  of  silver, 
has  only  received  extended  application  as  a  condensing  agent  in 
recent  years.' 

The  formation  of  benzoic  ester  by  Wurtz  from  bromobenzene, 
chloroformic  ester  and  sodium, 

CeHfiBr  +  CICOOC2H5  +  2Na  -  CeH^COOCjjHj  +  NaBr  +  NaCl 

and  that  of  sodium  benzoate  from  bromobenzene,  carbon  dioxide  and 
sodium  by  Kekul^  *  are  merely  modifications  of  the  same  process. 

CeHfiBr  +  COj  +  2Na  -  CeH^COONa  +  NaBr 

The  same  principle  has  been  applied  by  Freund '  to  the  production 
of  ring  compounds  by  internal  condensation  in  the  synthesis  d 
cyclopropane  from  trimethylene  bromide  and  sodium  or  zinc, 

CHoBr  Ca 


+  2NaBr 


HaBr  CH 


\ 


i2*^L  yjjj.2 

and  by  Perkin,  jun.,^  and  his  collaborators  in  the  synthesis  of  methyl 
cyclobutane  from  1 .  4  dibromopentane, 


CM2 — CHBr .  CMq  OtLo — CH  •  CHo 

Cxi2"'~CH2Br  CH2 — CHj 


+  Naj-.|  I  +2NaBr 

cSo — cr 


^  AuncUmi,  1863,  ISl,  804. 

>  Annakn,  1868, 149,  221 ;  Bw.,  1869,  2,  720. 

*  Ullmann,  Ber.,  1908,  3d,  2888 ;  1904,  87,  858 ;  Anndlm,  1904,  382,  88 ;  Ber,j 
1905,  88,  729,  2120,  2211. 

«  AnnaUn^  1866, 187,  180.  *  MonatOLy  1882,  3,  625. 

*  Trans,  Chem.  Soc,,  1888,  58,  201 ;  1894,  65,  599. 
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and  eyclohexane  £rom  hexamethylene  dibromide, 

CH,— CHj—CHsBr  CHo— CH.— CHo 

I  +Na,-|  I      + 

CHj-CHj—CHaBr  CHg— CHj— CHj 


2NaBr 


The  Xethod  of  Wudiceniui.  The  discovery  of  a  series  of  organic 
oompouiids  of  the  nature  of  1 . 8  diketones,  such  as  acetyl  acetone, 
aoetoaoetic  ester,  malonic  ester,  acetone  dicarboxylic  ester  and  similarly 
eoDstituted  compounds,  C3ranacetic  ester,  benzyl  cyanide,  desoxy- 
benzoin,  &c.,  which  form  sodium  compounds  by  the  replacement  of 
hydrogen  by  sodium,  gave  a  new  impulse  to  the  study  of  organic 
synthesis.  The  further  discovery  by  Conrad*  that  in  the  preparation 
of  the  sodium  compounds,  metallic  sodium  or  dry  sodium  ethozide 
oould  be  replaced  by  an  alcoholic  solution  of  sodium  ethoxide,  added 
greatly  to  the  convenience  of  the  method.  We  are  not  concerned 
for  the  moment  either  with  the  structure  of  the  sodium  compounds, 
which  is  discussed  under  tautomeriam  (p.  178),  or  with  the  mechanism 
of  the  formation  of  the  compounds  themselves,  which  finds  a  place 
under  the  acetoacetic  ester  synthesis  (p.  260).  Our  attention  at 
present  will  be  directed  to  the  description  of  a  few  of  the  more 
important  synthetic  operations  in  which  the  sodium  compounds 
have  been  utilized. 

If  to  an  alcoholic  solution  of  these  compounds  containing  the 
equivalent  of  one  atom  of  sodium,  an  alkyl  iodide  is  added,  and  the 
liquid  boiled  until  neutral,  sodium  iodide  separates,  and  the  alkyl 
derivative  is  formed.  The  process  may  usually  be  repeated  by 
adding  a  second  atomic  equivalent  of  sodium  in  alcohol  and  a  second 
molecule  of  alkyl  iodide,  when  the  dialkyl  derivative  is  obtained.  If 
these  sodium  compounds  possess,  as  they  admittedly  do,  the  enolic 
structure,  the  action  of  the  alkyl  iodide  must  be  represented  by  some 
such  general  schemes  as  the  following,  in  which  addition  precedes 
substitution : ' 

— C(ONa)  =  CH—     -     —CO .  CHR—  +  Hal 

•        •        • 
I  B 

— C(ONa)  =.  CB—     =     —CO .  CEj—  +  Nal 

•  +  • 

I  E 

It  will  be  seen  that  the  negative  iodine  unites  with  the  positive 

1  AfwaUn,  1880,  204,  127. 

*  Michael,  J.  praJct.  Chmn.y  1802,  46,  104;  1899,  60,  816;  Nef,  Annakn,  1891, 
366,  67,  118 ;  1892,  270,  880 ;  Thorpe,  Trans.  Chem.  8oc.f  1900,  77,  928. 
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flodimn  and  the  podtive  radical  with  the  eaibon  which  forms  part 
of  a  negatiTe  gionp.^  It  ahoold  be  noted  in  paawng  that  by  subeti- 
tuting  pyridine  for  sodinm  ethozide  as  ccmdensing  agent  the  alkyl 
attaches  itself  to  the  oxygen  and  the  isomerie  enolic  form  is  produced. 

The  nse  of  these  methods  for  synthesising  adds  and  ketones  fiKun 
acetoaeetic  ester  and  acids  from  malonic  and  cyanaoetic  ester  belong 
to  the  elementary  &cts  of  organic  chemistry  and  need  not  be  dis- 
cassed  in  detaiL 

If  in  place  of  an  alkyl  iodide,  iodine  is  added  to  the  alcoholic 
solution  of  the  sodium  compounds,  pdybasic  acids  may  be  obtained 
from  acetoaeetic  ester  and  malonic  ester  as  follows  (p.  192) :  * 

2CH3 .  CO .  CHj .  COOC2H5  +  2C^fiiSA  + 1, 

Aoetoaoetic  ester. 

CH3  •  00  •  CM  •  (XXJCjH^ 

I  +  2NaI  +  2C,HsOH 

CXI3  •  CO  .Cm  •  COOC2M5 

Diacetosuoemic  ester. 

2CHa(COOC2H5)2  +  2C2H50Na  +  Ij 

Malonic  ester. 

CHCCOOCaHg)^ 
=  I  +  2NaI  +  2C2H6OH 

CHCCOOCaHs)^ 

Ethane  tetraearboxylic  ester. 

Again,  if  a  halogen  deriyative  of  a  fatty  ester  like  chloracetic  ester 
is  allowed  to  interact,  a  variety  of  polybasic  adds  may  be  prepared, 
which  the  foUowing  examples  will  serve  to  illustrate : ' 

CM3COCI12CO2C2M5  CI13COCI1CO2C2I15 

+  NaOCaH5=  |  +NaCl  +  CoH50H 

+  CICH2CO2C2H5  CH2CO2C2H5 

Aeetosuccinic  ester. 

CH2(COOC2H5)2  CH(COOC2H5)2 

+  NaOC2H5  «  I  +  NaCl  +  O2H5OH 

+  aCH2COOC2H5  CH2COOC2H5 

Ethenyl  tricarbozylio  ester. 


^  This  view  is  embodied  in  Michael's  '  positive-negatiye '  theory,  J.  praku 
Chem.,  1888,  87,  478. 

*  Harrow,  Annakn,  1880,  201,  142 ;  Bischoff  and  Rach,  Ber.,  1884, 17,  2781. 

'  Bischofr  and  Rach,  Anncdm,  1882,  214,  88 ;  1886,  284,  86 ;  Ck>nrad,  Atwaimj 
1877,  188,  218. 
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CHs.OC 


Chloroforxnic  ester  is  an  exception  to  the  general  rule  in  producing 

mainly  the  enolic  ester. 

.OCO.OCjH^ 

\3H  •  COOG2H5 

Cyanacetic  ester  behaves  in  precisely  the  same  way  as  malonic  ester. 
To  take  one  example,  symmetrical  dimethylsuccinic  ester  has  been 
prepared  as  follows :  ^ 

By  the  combined  action  of  cyanacetic  ester,  a-bromopropionic  ester 
and  sodium  ethoxide,  oyanomethyl  succinic  ester  is  first  obtained. 

CN  CH3  CN  CHo 

II                               II 
CHj  +BrCH  +NaOCaH5«CH CH   +NaBr  +  C2H50H 

COOCjjHg  COOC2H5  COOC2H5  COOCjHg 

The  substance  is  then  boiled  up  with  methyl  iodide  and  sodium 
ethoxide,  when  the  following  change  occurs : 

CN         CJHa  CH3         CH3 

CH CH  +  CH3I  +  NaOCjHs  =  (CN)C CH  +  Nal  +  CaH^OH 

I  i  II 

OOjCjHa  OOaCjHa  CO.CjjHg  COaCaH^ 

Finally,  the  product  is  hydrolysed  with  hydrochloric  acid,  whereby 
the  cyanogen  group  is  converted  into  carboxyl  and  removed  as  carbon 
dioxide,  yielding  symmetrical  dimethylsuccinic  acid. 

TIm  Qsrnthasis  of  Oyolio  Oompounds  (Ferldn's  Method).  The 
formation  of  sodium  compounds  of  1 . 8  diketones,  more  especially 
of  malonic  and  acetoacetic  ester,  has  found  a  further  important 
application  in  the  production  of  cyclic  compounda^  The  subject 
can  only  be  briefly  outlined. 

Ethylene  bromide  and  sodium  malonic  ester  give  cyclopropane 
diearboxylic  ester. 

CHjSr  yCfOOCoH^ 

I  +  CHj<  +  2NaOC2H8 

CH^r  XJOOCjHg 

CHj|v       yCOOCaHg 
«  I       >C<  +  2NaBr  +  2a;)SLfiiR 

CH,/     XJOOCaHfi 

The  product  when  hydrolysed  gives  the  dibasic  acid,  and,  on 
heating,  the  corresponding  monobasic  acid. 

^  Bone  and  Sprankling,  TrwM.  Chem.  Soe.,  1899,  75,  889. 
3  W.  H.  Perkin,  jun.,  Ber,,  1902,  35,  2091. 


L_  ' 


250  CONDENSATION 

In  a  precisely  similar  fashion  trimethylene  bromide,  pentamethy- 
lene  bromide,  and  a-xylylene  bromide  have  been  eonyerted  into  cycUe 
compounds  having  the  following  structure : 

CHs/\3(C00C,H^  CHj/         \o(0000»HsXi 

CII2  CM2  •  CH2 

CH2 

CflH,/\0(COOC2H5)2 
CH2 

From  each  of  these  the  corresponding  di-  and  mono-basic  acida 
have  been  prepared. 

Cyclic  formation  may  also  be  effected  in  the  following  way: 
ethylene  chloride,  malonic  ester,  and  sodium  ethozide  jield  in 
addition  to  the  cyclic  trimethylene  compound,  already  described,  an 
open  chain  ester. 

CIX2CI      CM2(COOC2£[5)2  GS2*CM(COOC2ll5}2 

I  +  +2NaO0,Ha  =  I  +2NaCI 

CH2CI    CM2(COOC2li5)2  CM2«  011(00002^5)2 

If  this  butane  tetracarboxylic  ester  is  converted  into  the  disodium 
compound  and  then  treated  with  bromine  or  iodine,  ring  formation 
occurs. 

CH2 .  CNa(OOOC2H5)2  CH2— C(COOC2H6)2 

I  +Br2=  i  I  +2NaBr 

CH2 .  CNa(COOC2H5)2  CH2-<3(COOC2H5)2 

In  place  of  ethylene  chloride  trimethylene  bromide  may  be  used 
when  cyclopentane  tetracarboxylic  ester  is  formed. 

AjH.2  •  011(00002^5)2  AjS^ — 0(00002^0)2 

0112  -""^      0S2  I 

NjHj  .  CH(COOC2H5)2  \CH2— C(OOOC2H5)2 

Furthermore,  by  introducing  methylene  iodide  in  place  of  iodine 
in  the  last  reaction,  a  cydohexane  derivative  is  obtained. 

XH, .  0Na(COO02H5)2  XH2— 0H(COO02H5), 

OH2  +CH2I2-(5h2         NcHj  +2NaI 

\3H2 .  0Na(0OOC2H5)2  N3H2--6h(OOOC2H5)2 

Each  of  these  tetracarboxylic  esters  may  be  converted  into  dioaib- 
oxylic  acids  by  the  usual  process  of  hydrolysis  and  heating. 
The  above  series  of  reactions  when  applied  to  acetoacetic  eater. 
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benzoylaceiic  ester,  or  acetone  dicarboxylic  ester  gives  a  somewhat 
different  result. 

Ethylene  bromide,  acetoacetic  ester,  and  sodium  ethozide  yield 
not  only  aoetylcydopropane  carboxylic  ester,  in  which  the  action 
proceeds  normally  as  in  the  case  of  malonic  ester,  but  the  enolie 
form  of  acetoacetic  ester  also  comes  into  play,  giving  an  inner  ether, 
methyldehydropentone  carboxylic  ester. 

CH«^       yCO .  CHo  CHo— O— C .  CHo 

I  II 

JOOCjHs  CHj C .  COOCjHfi 

Aoetylcydopropane  Methyldehydropentone 

carboxylie  ester.  carboxylic  ester. 

In  the  case  of  trimethylene  bromide,  the  second  reaction  proceeds 
to  the  complete  exclusion  of  the  first.  On  hydrolysis  of  the  above 
esters,  the  add  which  is  formed  loses  carbon  dioxide  on  heating  and 
gives  the  following  products : 

CHgv                                         CH2 — 0 — C  •  CH3 
I       >CH.C0.CH3                I  II 

CH/  CHa CH 

Oi^^aao-metallio  Oomponnds.  The  extraordinary  development 
which  organic  synthesis  owes  to  the  use  of  organo-metallic  com- 
pounds has  its  origin  in  Frankland's  discovery  of  the  zinc  alkyl 
compounds.  The  preparation  of  these  compounds  need  not  be 
described.  They  are  extremdy  unstable  liquids  which  are  charac- 
terized by  their  strong  affinity  for  either  free  or  combined  oxygen 
and  for  the  halogens.  It  is  on  these  properties  that  their  mani- 
fold transformations  depend.  Paraffins  maybe  derived  from  them 
either  by  the  direct  action  of  water,'  of  alkyl  iodides  or  dihalogen 
compounds.^      The    following    reactions    illustrate    each    of    the 

methods : 

ZnCCHa),  +  2H ,0  «  2CH4  +  Zn(OH)j 

Zn(CH8),+  SCCHjOjCI  -  2(CH3)4C  +  Znl^ 

Zn(CH3),  +  CH3.CCla.CH8  =  C(CH3)4  +  ZnCl^ 

Zino  Alkyl  Condenjmtionfl  (FranUaaid's  Method).  The  dis- 
covery by  Fninkland  and  Duppa '  of  the  formation  of  hydroxy-add 
from  zinc  ethyl  and  oxalic  ester  prepared  the  way  for  new  and 
unlook^  for  synthetic  uses  of  the  zinc  alkyl  compounds.     If  to  one 

^  Frankland,  AwMim^  1849,  71,  203  ;  1850,  74,  41. 

*  Friedd  and  Ladenboiig,  ArmcUen,  1867, 142,  816;  Lwow,  ZHts,,  1871,  267. 

*  Pnc  Bo^  8oc.y  1868, 12,  896  ;  Annalen,  1868, 126,  109. 
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molecule  of  ester  two  molecules  of  zinc  alkyl  are  added  and  the 
product  decomposed  by  water,  diethylglycollic  ester  is  obtained^ 
The  following  equations  represent  the  course  of  the  reaction; 

+  Zn(C,H,),  =  0<J^  „*    ' 
COOCjHj  I  ^OCjHs 

IX)ZnC,H,  iJ/OZnC^Hs     ^n/^'^ 

COOC2H5  COOC2H5 


C2H5  C2H5 

I  yOZnCoHr  I 

CC„  '  '^  +  2HaO  -  (HO)C .  C2H5  +Zn(OH)2+C2H« 

COOCaHg  COOC2H5 

Diethylglycollic  ester. 


The  same  product  was  also  prepared  by  heating  a  mixture  of  oxalic 
ester,  alkyl  iodide,  and  zinc* 

COOC2H5  (CaHfi), .  CO .  ZnCjHg 

I  +2Zn  +  2C2H6l«  I  +Znla 

COOC2H5  COOCaHg 

{C^U,)/JO .  ZnCaHs  (02H5)2qOH) 

I  +2H20=  I  +Zn(0H)2  +  CaHe 

COOCgHa  COOC2H5 

This  was  followed  by  the  researches  of  Wagner,*  on  the  action  of 
zinc  alkyl  on  aldehydes,  which  led  to  the  synthesis  of  secondary 
alcohols;  of  Saytzeff,"  who  applied  a  similar  reaction  to  the 
ketones  and  obtained  tertiary  alcohols ;  of  Butlerow,^  who  prepared 
alcohols  from  the  acid  chlorides ;  of  Freund,'^  who  obtained  ketones 
from  the  add  chlorides ;  of  Wagner,  Saytzeff,  and  Eannonikoff,* 
who  converted  aliphatic  esters  into  secondary  and  tertiary  alcohols. 
The  following  examples  illustrate  the  different  types  of  reactions 
referred  to.  Aldehydes  and  zinc  aUcyls  form  secondary  alcohols. 
Acetaldehyde  and  zinc  ethyl  yield  secondary  butyl  alcohoL 

^  FrankUnd  and  Dappa,  Anndtmy  1868, 126,  109;  1888, 185,  28. 
s  Afinakn,  1876, 181,  261.  '  ^tmolen,  1877, 185, 151. 

«  Annaknf  1867, 144,  1.  ^  AmuUm,  1861, 118,  3. 

•  Annakn,  1876, 175,  851 ;    877, 185, 129, 148,  169. 
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CH3CHO  +  Zn(CjH5)2  «  CH3 .  C—OZnCaHj 

C2H5 

CH3 .  C— OZnCjjHg  +  2HaO  -  CH3  .  C— OH  ■»-  ZnCOH),  +  CjHe 

vJjHg  C2H5 

Secondary  butyl  aloohol. 

Formaldehyde  gives  by  a  siiiular  series  of  changes  primary  alcohols, 
whereas  ketones  yield  tertiary  alcohols. 

Formaldehyde  and  zinc  ethyl  yield  primary  propyl  alcohol,  whilst 
acetone  and  zinc  ethyl  give  tertiary  amyl  alcohol. 

HCHO  +  Zn(C3H5)2  «  HCILOZnCjHs 

CjHs 


HCH.OZnC2H5  +  2H20  -  HCH(OH)  +  Zn(OH)2  +  C2He 

I  I 

C,H5  O2H5 

Primary  propyl  aloohol. 


CH3  CH3  C2H5 

I  \/ 

CO  +  Zn(02H5)2  =  C 

CH3  CH3  OZnCjHg 

OH    OA  OH   0^. 

C  +2H20«     C  +Zn(OH),  +  C2H6 

CH3  OZnCjHg  CH3  OH 

Tertiary  amyl  alcohol. 

Acid  chlorides  react  with  one  and  two  molecules  of  zinc  alkyl. 
Acetyl  chloride  and  zinc  ethyl  form  methyl  ethyl  ketone. 

CH3 .  0<^^  +  Zn(C.H.).  .  CH3 .  C<^2„o  A 

CjHj 


OH, .  (K  +  2HjO  -  CH, .  c/-^ 

I  N)ZnC2H5  I  \0;H 

CoHk  GqH 


+  Zn(OH)2  +  C2He 


2"5  ^2"5 

Methyl  ethyl  ketone. 
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If  the  intermediate  product  is  allowed  to  react  with  a  second 
molecule  of  zinc  alkyl  a  tertiary  alcohol  results. 

CHg .  c/  +  ZnCCaHs)^  =  CH3 .  c/  "*    ""        +  ZndCCjH^) 

I  M)ZnC2H5  I  \OZnC2H5 

O2H5  OjHj 

VC2H5  ^2^5 


T\)ZnC2H5  +  2H2O  -  CH3 .  C(OH)  +  Zn{OH)a  +  CjHe 


C2H5  ^2^5 

Tertiary  hexyl  alcohol. 

With  the  esters  a  similar  process  occurs.  Methyl  formate  and  two 
molecules  of  zinc  ethyl  yield  a  secondary  butyl  alcohoL  The  reaction 
occurs  in  two  steps. 

yOCHa  yOCHo 

RGC  +  Zn(CaH5)2«  HC< 

^0  I  ^OZnOaHg 

C2H5 

yOCH3  yC2H5  yOCHji 

HC<  +  ZnCOaHs)^  -  HC<:  +  Zn< 

I  N)ZnC2H6  I  \OZnC2H5  NJjHj 

C2H5  ^^2^6 

C2H5  C2H5 

Hd— OZnCjHfi  +  2H2O  =  HC .  OH  +  Zn(0H)2  +  C2H6 
G2H5  ^2^5 

Diethyl  carbinol. 

Other  fatty  esters  like  acetic  ester  will  naturally  yield  tertiary 
alcohols  by  this  process. 

Magnesinm  Alkyl  Condensations  (Qrignard's  Saaetion).    The 

use  of  magnesium  in  place  of  zinc  for  introducing  radicals  into 
organic  compounds  in  the  manner  adopted  by  Frankland  and  Duppa 
was  first  suggested  in  1899  by  Barbier/  who  converted  methyl 
heptenone  into  a  tertiary  alcohol  by  the  action  of  methyl  iodide  in 
presence  of  magnesium.  In  the  following  year  the  study  of  the 
preparation  and  synthetic  uses  of  magnesium  alkyl  compounds  was 
taken  up  by  Orignard,  who  published  an  account  of  his  results  in 
the  Con^tes  rmdus.*     Since  then  the  applications  of  this  method 

^  CompU  rend, J  1899, 138,  110.  '  (kmpt  rend.^  1900,  130,  1822« 
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have  rapidly  multiplied^  Although  the  behaviour  of  the  magnesium 
alkyl  compounds  will  be  seen  to  resemble  in  many  respects  that  of 
the  zinc  alkyls,  their  greater  reactiyity,  owing  no  doubt  to  the  more 
dlectropositiYe  character  of  the  metal,  as  well  as  the  convenience  of 
their  preparation,  offer  great  advantages  over  the  use  of  the  zinc 
eompounda 

The  method  of  preparation  consists  in  adding  to  one  atomic 
proportion  of  clean  metallic  magnesium  wire  or  ribbon,  suspended  in 
perfectly  dry  ether,amoleoular  equivalent  of  the  alkyl  iodide  or  bromide 
(or  phenyl  or  tolyl  bromide),  also  dissolved  in  ether.  The  magnesium 
dissolves  with  evolution  of  heat  and  a  solution  is  usually  obtained 
which  contains  the  magnesium  alkyl  (or  aryl)  bromide  or  iodide.  If 
methyl  iodide  is  used,  and,  after  the  action  is  complete,  the  excess  of 
ether  is  evaporated  and  the  product  heated  in  a  vacuum  to  remove 
the  last  traces  of  solvent,  the  composition  of  the  residue  corresponds 
to  a  substance  of  the  formula : 

According  to  Baeyer  and  Villiger  the  compound  is  to  be  represented 
as  containing  quadrivalent  oxygen. 

C2H5.  ^  .MgCHa 

There  are  reasons  for  supposing  that  the  ether  plays  an  essential 
part  in  the  sjmthetic  processes  to  which  the  magnesium  compound  is 
applied,  but  discussion  of  the  mechanism  of  the  reaction  is  reserved 
imtil  some  of  its  more  important  applications  have  been  considered. 

Hffdrocafions.  The  magnesium  alkyl  or  aryl  iodide  is  decomposed 
by  water,  giving  a  hydrocarbon. 

2BMgI  +  2H2O  =  2RH  +  Mgia  +  Mg{OB)^ 

Alcohols,  aldehydes,  ketones,  and  finally  acids  may  be  obtained 
by  varying  the  reaction  in  the  following  way : 

Alcohols  may  be  obtained  from  aldehydes,  ketones,  and  esters  by 
methods  which  offer  a  close  analogy  to  the  zinc  alkyl  reactions. 

R .  CHO  +  R^MgBr  ->  R .  d— OMgBr  +  H^O  -*  R .  CH(OH) .  Ri 

\ri 

Aldehyde.  Secondary  alcohol. 

1  Schmidt,  Ahrens'  Vortr&gey  1905, 10,  68. 
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Primary  alcohols  can  be  obtained  from  formaldehyde  or  its  poly- 
meric form,  trioxymethylene,  inihe  same  way. 

B  /*  /*. 

>C0  +  RiMgBr  -^  R .  0— OMgBr  -►  B .  d{OH) 


B}  ^B» 


»rf»- 


Ketone.  Tertiary  aloohoL 

<  .OMgBr 

+  B^MgBr  -  B .  C— OC,H. 

,OMgBr  ^OMgBr 

B .  C-'OCjH,  +  B^MgBr  -  B .  C-B«     +  MgBrOG,Hg 

\b^  \r» 

.OMgBr  J5« 

B. <5— B«        +H,0  =  B.  C(OH)  +  MgBr.OH 
\b»  ^Bi         / 

Carbonyl  chloride  also  gives  a  tertiary  aloohoL  , 

OOGls  +  SBMgBr  ^  CB,OMgBr + MgCl,  -i-  Mg^, 
CBjOMgBr + HjO  -  BgqOH)  +  Mg(OH)Br 

Aldehydes  can  be  prepared  from  dimethylformamide, 

HCO .  NBB^  +  B«MgI  ->  HCB*(OMgI)NBB»  +  H,0 

-♦  B«CHO  +  NHBBi + Mg(OH)I 

and  also  firom  formic  ester  and  orthoformic  ester,  the  product  being 
decomposed  with  sulphuric  acid. 

1.  HOO .  OCjHs  +  BMgBr  -  B .  GHO  -f  MgBrOCgHs 

.  2.  CH(O0^b)8 + RMgBr  =  BCH(00jHj), + MgBr .  OCjHj 

RCH{OC,Hj),  +  HjO  =  B .  CHO  +  2C2HsOH 

Ketones  can  be  prepared  from  cyanogen,  cyanides,  andamides. 

^NMgl 
(ON),  +  BMgl  -  NO.  Of 

^B 

^NMgl  ^NMgl 

NC .  CC  +  BMgl  -  BC(  +  Mg(CN)I 

B  ^B 
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B.Cr;  +2H20-R.CO.B  +  MgI(OH)  +  NH, 

In  the  same  way 

^MgBr 
RCN + RiMgBr  -♦  RCf         +  2H  jO  =  R  CO.  R'  +  Mg(OH)Br  +  NH, 

The  action  upon  amides  is  represented  as  follows : 

/OMgl 
B .  CONHj  +  2MgB»I  =  B .  C— NHMgl  +  B^H 

\bi 

.OMgl  /OH 

B .  C— NHMgl  +  2H80  i=  B .  C— NHj  +  Mglj  +  Mg(OH)g 

\b»  \bi 

The  last  product  loses  ammonia  and  gives  the  ketone. 

Acids  are  obtained  by  passing  carbon  dioxide  into  the  ethereal  solu- 
tion of  the  magneaium  alkyl  compound  and  decomposing  the  product 
with  water,  sulphuric  acid,  or,  if  the  sodium  salt  is  required,  with 
sodium  hydroxide  solution. 

/OMgBr  „  ^  X)H 

RMgBr  +  C02->B.CC  ^B.CC        +MgBi<OH) 

X)  X) 

I 

If  the  intermediate  compound  is  further  acted  upon  by  two  mole- 
culeB  of  xnagneedum  alkyl  halide,  and  the  product  decomposed  with 
water,  a  tertiary  alcohol  is  formed. 

R .  CO.  OMgBr  +  2RiMgBr  «  CRR^Ri .  OMgBr  +  (MgBr)^© 

-*  CRRiR^OH  +  Jf  gBr(OH) 

Amides  of  the  aromatic  series  may  be  obtained  from  aryl  carb- 
imides. 

CgHaWCO  +  IMgR  ->  CeHsNCC  ^  CaHgNHCOR  +  MgI(OH) 

\R 

Hifdroxylamine  derivatives  may  be  obtained  from  amyl  nitrite  as 

follows: 

ONOCgHii  +  2MgIR  «  NRROMgl  +  CgHnMgl 

NRROMgl  +  HgO  =  N(R)20H  +  Mgl(OH) 
Additive  Compotmds^  are  also  formed  between  magnesium  alkyl 

1  Kohler,  Amer,  Chem,  J.,  1905,  88,  153,  388 ;  84,  182. 
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halides  and  unsaiunted  ketones  of  the  fonnula  B.  C  :  C .  CO .  CJ3^ 
thus: 

CjHjCH :  CH .  CO .  CjHj  +  CgHgMgBr 

=  CgHj .  CHCCjHj) .  CH :  C(OMgBr)C,H, 

This  does  not  exhaust  the  many  changes  which  may  be^rong  on 
the  reaction,  but  the  examples  will  serve  to  illustrate  the~ge3bral 
character  of  the  process.  It  will  be  seen  that,  apart  from  the 
simplicity  and  convenience  of  the  method,  the  magnesium  alkyl 
compounds  are  much  more  reactive  than  the  zinc  alkyls,  and  their 
combination  may  be  effected  with  nitrogen  much  in  the  same  way  as 
with  oxygen,  thereby  increasing  the  range  of  their  application.^ 

It  has  been  suggested  by  Tschelinzeff'  that  the  ether  which 
appears  to  form  a  compound  with  the  magnesium  alkyl  halide  acts  cata- 
lytically  at  low  temperatures,  for  he  has  found  that  by  using  an  inert 
solvent,  such  as  benzene,  the  formation  of  the  organo-magnesium  com- 
pound will  be  formed  if  mere  traces  of  ether  are  added.  He  considers 
that  the  effect  of  the  ether  is  to  dissociate  the  alkyl  halide  by  forming 
an  oxonium  compound  and  so  facilitateunion  with  the  metaL  Tertiary 
amines  like  dimethylaniline  may  replace  ether  as  the  catalyst,  and 
their  action  is  explained  in  a  similar  way  by  the  disruption  of  the  alkyl 
halide  B  ^  X  to  form  the  quinquevalent  compound. 


(B)3N< 


^X 

Befonnatsky's  Seaetion.  A  reaction  which  may  be  regarded  as 
a  modification  of  Frankland's  and  Grignard's  was  first  suggested  by 
Fittig  and  Daimler.'  They  attempted  to  combine  chloraoetic  ester 
with  Oxalic  ester  in  presence  of  zinc,  in  the  expectation  of  obtaining 
a  product  similar  to  that  of  Frankland  in  which  the  acetic  ester 
group  would  play  the  part  of  an  alkyl  radical.  The  reaction, 
however,  gave  instead  ketipic  (keto-adipic)  ester. 

CO .  CHa .  COOC2H5 


i 


/O .  CH^ .  COOC2H5 

Ketipio  ester. 

Reformatsky  *  was  afterwards  more  successful,  and  obtained  from 
acetone,  iodoacetic  ester  and  zinc  a  ^-hydroxy-isovaleric  ester. 

^  A  complete  bibliography  up  to  1905  is  given  in  the  Amer,  Chtm.  J.,  1905^  9$, 
818. 
«  Ber.,  1904,  37,  2084.  »  J5«r.,  1887,  20,  202. 

*  Ber.,  1887,  20,  1210;  1895,  28,  2468,  283a 
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CH.  CH.  OZnl 

\  \/ 

CO  +  CH2I .  COOCoH.  +  Zn -»  C  +H0O 

/  /\ 

CH,  CH,  CH2 .  COOE . 

CH, 

\ 
-^    C(0H).CH2.C00E+ZnI(0H) 

CH3 

The  reaction  has  since  been  used  for  the  synthesis  of  citric  acid  by 
Lawrence,^  (2^-camphoronic  acid  byPerkin  and  Thorpe,^  and  for  similar 
condensationa 

In  the  first  case  union  is  effected  between  bromacetic  ester  and 
oxalylacetic  ester,  and  proceeds  as  follows: 

CHaBr    CO.CO2R  EO^C .  CHj .  C(OZnBr) .  COaB 

I  +  I  +Zn    ->  I  +H2O 

COjR      CH2 .  CO2B  CHa .  CO2B 

=  ROOC .  CH2 .  C(OH)  •  COOR  +  ZnO  +  HBr 

I 
CH2.COOR 

Citric  ester. 

In  the  second  synthesis,  a-bromoisobutyric  ester  and  acetoacetic 
€8ter,  or  bromacetic  ester  and  dimethylacetoacetic  ester  in  presence  of 
zme  were  first  combined,  giving  hydroxytrimethylglutaric  ester. 

(CH3)2.C-C(OH>-CH2 

C2H5OOC    CH3       COOC2H5 

The  compound  was  then  acted  on  with  phosphorus  pentachroride 
and  converted  into  chlorotrimethylglutaric  ester.  On  boiling  with 
alcoholic  potassium  cyanide  cyanotrimethylglutaric  ester  is  formed, 
and  finally,  on  hydrolysing  with  hydrochloric  acid,  d2-camphoronic 
add. 

(CHalaC— CCl— CHa  (Qn^\G—C(GY^ .  CHj 

C2H5OOC    CH3    COOC2H5  "^      C2H5OOC    CH3      COOC2H5 

Chlorotrimethylglutaric  ester.  Cyanotrimethylglutaric  ester. 

(CH3)2C-C(CH3)-CH, 
"^      HOOC    COOH    COOH 

(22-Camphoronic  acid. 

Magnesium  has  been  used  in  place  of  zinc  in  the  above  reaction.' 

'  Trans,  Chem.  Soc,  1897,  71,  467.  «  Trans,  Chem.  Soc.y  1897,  71,  1178. 

'  Zelinsky  and  Gutt,  Ber.,  1902,  85,  2140. 
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The  Acetoaoetic  Ester  CondeiuHitioii.  The  discovery  of  aeei»- 
acetic  ester  carries  us  back  to  the  year  1863,  when  Oeuther,^  who  held 
the  view  that  acetic  acid  contains  two  hydrogen  atoms  replaceable  by 
metals,  sought  to  replace  the  second  hydrogen  atom  in  ethyl  acetate 
(since  it  could  not  be  effected  with  sodium  acetate)  by  means  of 
metallic  sodium. 

He  observed  the  evolution  of  hydrogen,'  the  formation  of  sodium 
ethoxide,  and  the  production  of  a  crystalline  sodium  compound  of  the 
formula  CeHgNaOg.  From  the  sodium  compound,  by  the  addition  of 
an  acid,  a  liquid  was  isolated  which,  though  neutral  to  litmus,  formed 
salts  with  metallic  bases.  He  found,  moreover,  that  the  sodium  of 
the  sodium  compound  reacts  with  alkyl  iodides  and  forms  a  series  of 
alkyl  ethers.  These  facts  led  Geuther  to  name  the  new  compound 
dhyl  diacetic  acid,  and  to  represent  it  by  the  formula : 

CHg .  C(OH) :  CH .  COOC^Hg 

The  formation  of  the  sodium  salt  was  represented  by  the  equation : 

2C2H3O .  C2H5O  +  Naj  «  Hg  +  CgH^ONa + CeH^NaOj 

Whilst  this  research  was  in  progress  Frankland  and  Duppa  were 
studying  the  action  of  alkyl  iodides  on  oxalic  ester  in  presence  of  zinc 
In  extending  their  investigations  to  ethyl  acetate,  the  zinc  was 
replaced  by  the  more  energetic  metal,  sodium,  and  during  the  solu- 
tion of  the  metal  in  the  ester  the  evolution  of  hydrogen  was  observed. 
Without  isolating  the  product  they  proceeded  to  heat  up  the  solid 
mass  with  ethyl  iodide.  In  this  way  various  products  were  ob- 
tained and  separated  by  fractional  distillation.  Among  them  four 
compounds  boiling  between  120^  and  265°  were  isolated  and  charac- 
terized as  follows :  (1)  butyric  ester,  (2)  diethylacetic  ester,  (8)  a  compound 
identical  with  the  ethyl  ester  of  Oeuther's  ethyl  diacetic  add, 
which,  since  it  decomposed  with  alkalis  into  ethyl  acetone,  alcohol, 
and  carbon  dioxide,  was  termed  ethacetone  cathoncUe  qf  ethyl,  and  (4)  a 
final  fraction  which  decomposed  in  the  same  manner  into  diethyl 
acetone,  alcohol,  and  carbon  dioxide,  and  received  the  name  of  dieth- 
acetone  carbonate  of  ethyl.    Frankland  and  Duppa  explained    the 

1  Jahresb.,  1863,  323. 

'  It  was  subsequently  found  that  when  ethyl  acetate  is  pure  little  if  any 
hydrogen  is  evolved,  but  according  to  Oppenheim  and  Precht  (Ber.,  1877,  9, 820) 
it  is  used  in  conjunction  with  sodium  to  convert  some  of  the  acetic  ester  into 
sodium  ethoxide. 

CHj .CO    Na + Hj      CH3 . CHj . ONa 

I    +  -  + 

CH3 .  CHj .  O       Ka  CH, .  CH, .  OKa 
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fonnation  of  the  first  two  compounds  by  supposing  that  ethyl  acetate 
is  converted  by  sodium  into  a  mono-  and  di-sodium  ethyl  acetate, 

CHaNa.COOCjjHg  and  CHNaj-COOCaHg 

which  with  ethyl  iodide  yield  ethyl-  and  diethyl-acetic  ester.  The 
fonnation  of  ethacetone  and  diethacetone  carbonate  of  ethyl  was 
explained  by  the  union  pf  a  molecule  of  ethyl  acetate  with  a  molecule 
of  mono-  or  di-sodium  acetic  ester  formed  by  the  action  of  sodium  on 
acetic  ester. 

CH3.  COOC2H5  +  CHaNa.  COOCjH^ 

=  CHa.CO.CHNa.COOCaHg  +  CaH^OH  +  H 

CH3.COOC2H5  +  CHNag.  COOCaHj 

=  CH3.  CO.  CNaj.  COOCjHs  +  C2H5OH  +  H 

The  action  of  ethyl  iodide  on  the  two  sodium  compounds  would 
produce  ethacetone  and  diethacetone  carbonic  esters.  These  views 
were  generally  accepted,  and  the  name  of  Oeuther's  ethyl  diacetic  acid 
was  subsequently  changed  to  acetoacetic  ester. 

But  in  a  subsequent  paper  ^  Geuther  pointed  out  that  he  had  fiuled 
to  isolate  either  the  mono-  or  di-sodium  acetic  ester ;  but  had  found 
that  a  considerable  quantity  of  acetoacetic  ester  is  formed  by  the 
action  .of  sodium  ethoxide  on  ethyl  acetate,  a  reaction  which  he 
represented  as  follows: 

2C4H80g  +  CjHftONa  =  CeH^NaOg  +  2C8H5OH 

He  observed  at  the  same  time  that  when  the  ethyl  derivative  of 
acetoacetic  ester  is  heated  with  sodium  ethoxide^  ethyl  butyrate  is 
produced.  It  is  therefore  unnecessary  to  assume  the  formation  of 
the  monoeodium  compound  of  ethyl  acetate,  since  the  presence  of 
sodium  ethoxide  alone  will  explain,  in  accordance  with  Geuther's 
original  equation,  the  formation  of  both  acetoacetic  ester  and  ethyl 
butyrate.  The  production  of  diethylacetic  ester  and  diethylacetoacetic 
ester  (Frankland  and  Duppa's  diethacetone  carbonate  of  ethyl)  still 
remained  unexplained.  In  a  paper  published  in  1877  by  J.  Wisli- 
eenus,'  the  whole  subject  was  submitted  to  a  critical  re-examination 
with  results  which  have  proved  of  the  highest  importance  to  syn- 
thetical organic  chemistry.  Wislicenus  showed  that,  although  only 
one  atom  of  hydrogen  in  acetoacetic  ester  can  be  replaced  by  sodium 
by  the  direct  action  of  the  metal,  or  of  sodium  ethoxide,  an  alkyl 
group  having  been  introduced  in  place  of  this  atom  of  sodium,  the 
compound  acquii*es  the  property  of  exchanging  a  second  atom  of 
hydrogen  for  sodium,  which  can  be  replaced  by  a  second  alkyl  group. 

^  Zeit  Ch^.f  1868,  652.  >  Annalen^  1877, 186,  168. 
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WislicenuSy  adopting  Frankland's  fonnula,  represented  the  changes 
as  follows : 

CH3.CO.CHNa,COOC2H5  +  OgHgl 

=  CH3.CO.OH(C2H5).COOC2H5  +  NaI 

CH3.CO.CNa(C2H6).COOC2H5  -t  O^HJ 

-  CH3.CO.C(C2H5)2.COOCjH5  +  Nal 

As  the  second  product  yields,  with  sodium  ethoxide,  diethylaoetic  ester, 
Frankland  and  Duppa's  assumption  of  a  disodium  acetic  ester  proTed 
as  imnecessary  as  that  of  the  monosodium  compound. 

But  Wislicenus'  inquiry  was  not  limited  to  unravelling  Frankland 
and  Duppa's  experiments  The  knowledge  of  the  numerous  trans- 
formations which  acetoacetic  ester  undergoes,  the  formation  of  mono- 
and  dl-alkyl  derivativeSy  the  conditions  which  determine  the  ketonic 
and  acid  hydrolysis,  and  the  synthetic  method  for  preparing  acids 
and  ketones  by  a  combination  of  the  two  processes,  are  due  to  him 
and  now  belong  to  the  most  familiar  synthetic  reactions  in  oiganic 
chemistry.  Although  Wislicenus  accepted  Frankland's  formula  for 
acetoacetic  ester  in  opposition  to  Geuther's,  as  the  most  simple 
explanation  of  its  behaviour,  he  did  not  succeed  in  throwing  any 
new  light  on  the  manner  in  which  acetoacetic  ester  is  produced. 

Qeuther,^  who  regarded  both  the  sodium  compound  and  the  free 
ester  as  possessing  the  hydroxyl,  or,  as  we  now  say,  the  enolic 
structure,  explained  the  process  in  the  following  manner : 

CH3.COOC2H5  +  2Na  «  CHyC-ONa  +  CaHsONa 

CH3.doNa  +  CH3.COOCjH5  =  CH3.C(ONa):CH.COOCaH5  +  H2 

CH3.C(ONa):CH.COOC2H5  +  C2H40a 

=  CH3.qOH):0H.C0OC2H6  +  CH3.C00Na 

Frankland  and  Duppa^  on  the  other  hand,  represented  the  reaction 
as  due  to  the  formation  of  a  sodium  compound  of  acetic  ester,  which 
unites  with  a  second  molecule  of  acetic  ester. 

CH3.COOC2H5  +  CHaNa-COOCgHg 

-  CH3.00.CHNa.COOC2H5  +  C^H^OH  +  H 

CH3,CO.CHNa.COOC2H6  +  C^HA 

«  CH3.CO.CH2.COOCaH5  +  CHg.COONa 

The  controversy  which  the  structure  of  acetoacetic  ester  aroused, 
and  out  of  which  the  theory  of  tautomerism  was  ultimately  evolved 

1  Anfuaefif  1888,  219,  123. 

>  Phii,  Tran8.y  1866, 166,  87  ;  Annalmt  1866, 188,  204,  828. 
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(p.  174)y  diverted  attention  for  a  time  from  the  mechanism  of  the 
reaction.  In  the  meanwhile  Frankland's  ketonic  structure  for  both 
the  ficee  ester  and  sodium  compound,  which  expressed  in  a  simple 
fashion  the  greater  nimiber  of  its  transformations,  was  generally 
accepted* 

The  first  serious  contribution  to  a  theory  of  the  acetoacetic  ester 
syntheais  is  contained  in  a  paper  by  Claisen  ^  published  in  1887,  in 
which  he  shows  that  benzylbenzoate  unites  with  sodium  methylate 
and  methyl  benzoate  with  sodium  benzylate  to  form  the  same  additive 
compound. 

.ONa 

CeH5.COOC7H7  +  NaOCHj  -  CjHj.C— OCHj 

.ONa 
CeH5.COOCH3  +  NaOCTH^  -  C^ayi^—OCU^ 

Benzaldehyde  also  produces  the  same  substance  by  the  actiqft  of 
sodium  methylate. 

2C,H5.CHO  +  NaOCHg  -  C,H5.C(OCH3XOC7H7XONa) 
On  the  basis  of  this  observation  Glaiaen  suggested  that  acetoacetic  ester 
is  produced  in  two  stages.  A  molecule  of  sodium  ethozide  unites 
with  ethyl  acetate  and  forms  an  additive  compound,  the  latter  com- 
bining with  a  second  molecule  of  ethyl  acetate  to  form  sodium  aceto- 
acetic ester,  with  the  elimination  of  two  molecules  of  alcohol. 

yONa 
CHJ.COOC8H5  +  NaOCjHj  -  CHyd— OCjHg 


CH3.C— jO^qPft  +  HgiCH.COOCjHfi 
N0O3H, 


=  CH3.C(ONa):CH.COOCgH5  +  2CaH50H 

According  to  Claisen,  therefore,  the  active  agent  in  the  process  is 
not  metallic  sodium,  but  sodium  ethozide.  This  view  received 
support  from  a  variety  of  independent  observations.  Ladenburg  in 
1870  made  the  interesting  discovery  that  ethyl  acetate,  carefully  freed 
from  alcohol  by  means  of  silicon  chloride,  is  not  attacked  by  sodium 

'  Ber^  1887,  20,  646. 
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in  the  cold,  and  only  very  slowly  on  heating.  It  was  also  obserred 
thaty  when  ethyl  acetate  only  contains  a  trace  of  alcohol,  the  action 
of  sodium  at  the  commencement  is  very  slow,  but  increases  in  vigour 
as  it  proceeds,  a  fact  which  Glaisen  ascribed  to  the  liberation  of  con- 
stantly increasing  quantities  of  alcohol,  as  expressed  in  his  equation* 
Moreover,  Olaisen's  theory  explwied  the  enolic  structure  of  the 
sodium  compound,  which  was  by  this  time  generally  recognised. 
But  the  most  convincing  proof  of  the  active  agency  of  sodium  ethoxide 
was  afforded  by  the  large  number  of  similar  condensations  effected 
between  different  esters  or  between  esters  and  ketones  either  with 
alcohol-free  sodium  ethoxide,  or,  less  frequently,  with  an  alcoholic 
solution  of  sodium  ethoxide  in  place  of  metallic  sodium. 

Some  of  these  reactions  will  now  be  illustrated.  It  may  be  stated 
at  the  outset  that  the  number  of  condensations  effected  with  sodium 
etlioxide  far  exceeds  that  with  metallic  sodium.  Acetic  ester,  how- 
ever, gives  a  very  much  better  yield  with  sodium  than  with  sodium 
ethoxide,  which  even  at  170°  only  produces  about  one-third  of  the 
theoretical  amount.  Sodium  acts  similarly  with  propionic  and  butyric 
ester,  but  with  much  diminished  yields.  The  products  of  these 
two  reactions  have  the  structure : 

CH3.OH2.CO.CH.COOC2H5 

Propiopropionic  ester. 
CH3.CH2.CH2.CO.CH.COOC2H3 

C2H5 

Butyrobutyrio  ester. 

It  follows,  therefore,  that  the  carbonyl  group  of  the  one  ester  mole- 
cule attaches  itself  to  the  a-carbon  of  the  second,  and  that  the  reaction 
may  be  expressed  in  the  following  general  form : 

B  B 

RCO.OB  +  CH2.CO.OB  -  RCO.CH.COOB  +  BOH 

Succinic  ester  and  sodium  give  the  interesting  cyclic  compound 
succinosuccinic  ester,  which  on  oxidation  is  easily  transformed  into 
dihydroxyterephthalic  ester : 

CH.COOC2H5  C.COOO2H5 

H2c/\)0  HC/NC(0H)^ 

odl  JcHj  (HO)a,JcH 

CH.C00C2H5  acooCjHfi 

Succinosuccinic  ester.  Dihydrozyterephthalic  ester. 
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Cyclic  compounds  have  also  been  produced  by  internal  condensa- 
tion, as  for  example  by  the  action  of  sodium  on  adipic  or  pimelic 
esters.^ 

CH2.CHa.COOCgH5        CHa— CH.COOC2H5 

I  «  I  J>CO         +  C2H5OH 

Adipio  ester.  Keto-cyclopenUne  carboxylic  eMter. 

Other  examples  of  the  use  of  metallic  sodium  are  the  following : 
the  formation  of  acetylacetone  from  acetic  ester  and  acetone. 

CH3.CO2O2H5  +  CH3.CO.CH3  =  CH3.CO.CH2.CO.CH3  +  C2iy)H 

AcetylMetone. 

Mesitylozide  oxalic  ester  is  formed  from  mesiiyl  oxide  and  oxalic 
ester, 

CH3  CH,  I 

I  COOCjHj      I 

C:CH.CO.CHj+  I  -  C:CH.CO.CH».CO.COOCjH.  ! 

I  0000^5     I  : 

CH3  OH3  I 

Mesityloxide  oxalic  ester. 
and  cinnamic  ester  from  benzaldehyde  and  acetic  ester. 

CeH6.CH0  +  CH3.COOC2H5  -  CeHfiCHiCRCOOCoHs  +  HgO  | 

Sodium  in  minute  quantities  has  also  been  used  for  effecting 
condensation  between  benzaldehyde  and  cyanacetic  ester. 

yON  XJN 

C0H5CHO  +  dHa  =  CeH^CH :  C  -h  HgO 

\3OOCaH5  \3OOC2H5 

The  above  four  examples  exhibit  considerable  diversity  both  in 

the  character  of  the  substances  used  and  in  the  nature  of  the  product. 

The  first  two  consist  of  a  union  between  ester  groups  and  the  ketone 

group. 

CO.OK  +  CH2.CO  =  CO.CH.CO  +  ROH 

I  II  (11 

The  last  two,  in  which  an  aldehyde  is  used,  belong  to  a  rather 
different  class  of  condensations,  and  are  interesting  in  view  of  the 
&ct  that  similar  combinations  can  be  effected  by  means  of  sodium 
hydroxide  (p.  274)  and  by  Perkin's  reaction  (p.  279). 

Sodium  eihoxide  free  from  alcohol  can  be  used  for  pi*eparing  a 
variety  of  products,  in  which  two  esters,  an  ester  and  a  ketone,  or  an 

'  Dieckmann,  £er.,  1894,  27, 102. 
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ester  and  an  aldehyde  can  be  made  to  combine  in  much  the  suae 
manner  as  with  metallic  sodium. 

Benzoic  and  acetic  ester  yield  benzoylacetic  ester. 

CeHfiCO .  CHjj .  COOC^Hg 
Benzoic  ester  and  acetone  form  benzoylacetone. 

Cgxig .  CO .  Cj12  •  CO .  Cil3 

Benzoylacetophenone  (dibenzoylmethane)  is  formed  in  a  similar 
manner  from  benzoic  ester  and  acetophenone.  A  variety  of  other 
compounds  have  been  obtained  by  Claisen  in  a  similar  way. 

CqH.^  .  CO  •  CH2  •  CO .  CqI1|j 

W.  Wislicenus  has  extended  the  method  to  the  preparation  of 
aldehyde  esters  and.  ketonic-dibasic  esters  by  using  formic  ester  on 
the  one  hand  and  oxalic  ester  on  the  other.  Acetone  and  formic 
ester  in  presence  of  sodium  ethoxide  yield  the  sodium  compound  of 
acetylaldehyde,  CH3 .  CO .  CH2 .  CHO,  which  on  the  addition  of 
acetic  acid  almost  immediately  undergoes  further  condensation  to 
triacetylbenzene. 

CO .  CH.  COCH, 


A 


I     ' 

H,  C 


OHC    \dHO  Hc/NcH       ^goQ 


•  (a      JC  . 


COCH, 


OH3.CO.H2C    yCH2.CO.CH3       CH3CO 

CHO  CH 

Aoetylaldehyde.  Triacetylbeiuene. 

Acetophenone  and  formic  ester  can  be  converted  in  the  same  way 
into  tribenzoylbenzene.  Formylacetic  ester,  which  is  obtained  by 
condensing  formic  and  acetic  ester  in  presence  of  sodium,  rapidly 
passes  into  trimesic  ester  at  the  ordinary  temperature.' 

3CHO.CH2.COOC2H5  =  CeH8(COOC2H5)3  +  3H2O 

Formylphenylacetic  ester,  which  is  prepared  with  sodium  ethoxide 
from  formic  and  phenylacetic  ester,  yields  two  desmotropic  forms 
(p.  189)  but  does  not  undergo  further  condensation.' 

Oxalic  ester  has  been  a  prolific  source  of  new  condensation  pro- 
ducts owing  to  the  ease  with  which  it  combines,  in  consequence  no 
doubt  of  its  acidic  character.  In  some  cases  an  alcoholic  solution 
of  sodium    ethoxide    in  place    of   the   alcohol-free    substance   is 

>  Piutti  Ber.,  1887,  20,  587.  >  WiBlicenus,  Ber.,  1887,  20,  2980. 
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sofficient   to   induce    condensation.     A  variety  of   ketonic    cyclic 
'  eompounds  have  been  prepared.     For  example,  by  condensing  glu- 
taric  and  oxalic  ester  ^  a  derivative  of  cyclopentane  is  obtained : 

CaHfiOOCCHg     COOCgHg        C2H5OOC .  CH— CO 

CHg  +  =  CHj 

CjHfiOOCCHa     COOCgH^        CgH^OOC .  CH— CO 

Diketo-cyclopentane  dioarbozylic  ester. 

and  by  combining  /3)8-dimethylglutaric  ester  with  oxalic  ester 
Eomppa'  synthesized  apocamphoric  acid  and  later  camphoric  acid 
(p.  515). 

C2H5OOC .  CH2  COOCjHs       CgHgOOC .  CH— CO 

C(CH3)2  +  ->         {Cuji 

CjjHfiOOC .  CH2  COOC2H5       CgHftOOC .  CH— CO 

Apocamphoric  ester. 

Acetic  ester  and  oxalic  ester  yield  oxaloacetic  ester, 

C2H5OOC.  COOC2H5  +  CH3.  COOC2H5 

=  C2H5OOC.  CO.  CH2.  COOCaHfi  +  CgHjOH 

Oxalic  ester  also  readily  condenses  with   propionic   and  normal 

butyric  ester  but  not  with  isobutyric  ester. 

In  the  latter  observation  Claisen  saw  a  confirmation  of  his  theory, 

to  which  we  will  now  retom ;  for  the  structure  of  isobutyric  ester 

does  not  admit  of  the  removal  of  the  two  molecules  of  alcohol  which 

the  interaction  of  the  additive  compound  of  oxaUc  ester  with  sodium 

ethoxide  demands. 

ONa  CH3 

/  I 

CgHfiOCO.  C— OCgHg  +  CH .  COOCjHg 

OC2H5      CH3 

The  £act  has,  however,  received  a  much  simpler  interpretation  from 
Dieckmann/  who  has  shown  that  the  more  acidic  the  )8-ketonic 
ester,  the  lees  readily  does  it  undeigo  acid  hydrolysis  with  sodium 
ethoxide.  Acetoacetic  ester  ia  very  slowly  hydrolysed  at  180^  with 
sodium  ethoxide  in  alcoholic  solution  and  is  scarcely  affected  at  the 
boiling  temperature ;  the  monoalkyl  esters  change  somewhat  more 
leadily,  whilst  the  dialkyl  esters  are  completely  hydrolysed  on 
warming   the    alcoholic    solution    containing  a  trace    of   sodium 

1  Dieekmann,  Ber.,  1897,  80,  1470.  >  Ber.,  1901,  34,  9472. 

'  Ber.f  1900,  33,  2670. 
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ethoxide.  The  catalytic  action  of  sodium  ethoxide  is  explained  by 
Dieckmann  by  supposing  that  a  molecule  of  sodium  ethoxide  and 
then  a  molecule  of  alcohol  are  taken  up  by  the  ester  and  that  the 
product  then  breaks  up,  regenerating  sodium  ethoxide: 

yONa 
CH3 .  CO .  CRa .  COOC2H5  +  NaOCgHs  =  CH3 .  C— CRj .  COOCaHj 

\)c,a 


'2-^6 


yONa  >ONa 


CH3C— CEg .  CO2R  +  C2H5OH  =  CHaO-OCaHj  +  CHRj.CO^ 
'2H5 

.ONa 


_     — 2 .  — ^ —  .  -jg — i,^—      — j^ 
NX!,H.,  \0C,H. 


/ 

CH3 .  C— OCaHs  =  CH, .  COOC2H5  +  NaOCsHj 

NxJaHj 

It  is  clear,  therefore,  that  the  apparently  passive  character  of 
isobutyric  ester  is  due  not  so  much  to  its  structure  as  to  the  in« 
stability  of  the  condensation  product  with  oxalic  ester.  It  seems 
to  follow  that  the  process  depends  in  some  measure  on  the  acidic 
character  of  the  final  product,  or,  in  other  words,  on  the  stability 
of  the  sodium  compound  of  the  ketonic  ester.  If  this  is  so,  it 
explains  the  remarkable  dilSerences  which  have  been  observed  in 
the  effect  of  the  condensing  agent,  the  velocity  of  the  reaction, 
and  the  amount  of  the  products. 

The  sluggish  action  and  unsatisfactory  yield  obtained  with 
propionic  and  still  more  with  butyric  ester  may  be  due  to  the  more 
positive  character  of  the  product,  whilst  the  readiness  with  which 
oxalic  ester  enters  into  reactions,  especially  with  other  acidic  sub- 
stances likeac€tophenone,  may  depend  upon  the  enhanced  stability  of 
the  sodium  compound  of  the  ketonic  ester.  We  are,  in  fact,  dealing 
with  a  wide  range  of  reversible  reactions  in  which  the  balance  changes 
fii-st  to  one  side  and  then  to  the  other. 

We  may  inquire  a  little  more  fully  into  the  mechanism  of  the 
changes  just  described.  From  what  has  been  stated,  one  is  almost 
forced  to  the  conclusion  that  the  use  of  sodium,  of  dry  sodium 
ethoxide  or  its  alcoholic  solution,  and  latterly  of  sodamide,  to  which 
reference  will  be  made  presently  (p.  272),  only  constitute  modificatioofl 
of  the  same  fundamental  process. 

This  in  itself  is  a  strong  argument  in  favour  of  Claisen's  theory. 
Claisen  has,  however,  withdrawn  somewhat  from  his  original  positioiL 
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In  a  recent  paper  ^  he  reafSrms  his  view  of  the  rdle  which  sodium 
ethozide  plays  in  forming  an  additive  compound,  but  leaves  unde* 
teimined  the  nature  of  the  succeeding  changes. 

Dieckmann,  by  reversing  the  process  by  which  he  conceives 
hydrolysis  with  sodium  ethozide  to  be  effected  (p.  268X  explains  the 
acetoaoetic  ester  synthesis  by  a  series  of  reversible  steps  as  follows : 

X)Na  >ONa 

CHaC— OC2H5  +  CHaCOgCgH^^CHaC— CH2CO2C2H,  +  C^HgOH 
\0C2H,  N)C2H, 


/" 


\0CoH, 


fNa 
OHg .  C— CHj .  CO2C2H5  :^  CHgqONa) :  CH .  COgCgH,  +  C2H5OH 


This  scheme  at  first  sight  does  not  appear  to  differ  materially  from 
Claisen's  original  conception ;  but  it  implies  that  the  condensation 
does  not  necessarily  involve  both  steps,  and  that  in  some  cases, 
especially  where  ring  formation  is  involved,  the  removal  of  only  one 
molecule  of  alcohol  may  occur  and  determine  the  final  result 

Glaisen's  theory,  even  in  its  modified  form,  has  not  passed  unchal- 
lenged. Nef '  explains  the  acetoacetic  ester  and  many  other  con- 
densations as  due  to  dissociation  of  hydrogen  from  carbon  in  the 
negative  group  of  one  molecule  and  the  formation  of  an  unsaturated 
group  in  the  second,  under  the  influence  of  the  specific  reagent. 

In  the  present  case  Claisen's  additive  compound  is  supposed  to 
lose  alcohol  and  the  unsaturated  group  in  the  nascent  state  to  unite 
with  the  dissociated  acetic  ester  molecule. 

Z^'^''  /ONa 

CH, .  C-OC.H,  -»  CH2.CK  +  CsHsOH 

\0C,H,  '        '^OC,H., 

yONa 
CHa— C  +  H— CHa .  COOCjH-,  =  CH3 .  qONa) .  CHjCOOCgHj 

'         '  '^OC.Hs  ^OC,H„ 

->  CH3  .  C(ONa) :  CH .  COOC^Hg  +  CjH,OH 

The  dissociation  is  enhanced  by  the  presence  of  negative  atoms 
and  groups,  so  that  compounds  containing  carbonyl,  cyanogen,  and 
nitro-groups  more    easily   undergo   condensation.      Malonic  ester 

1  Btr.,  190S,  36,  8674 ;  1905,  38,  709. 
*  AmrnUn,  1897, 298,  218. 
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being  more  negative  dissociates  more  easily  into  H  and  GH(C0OB)2 
than  acetic  ester  into  H  and  CH2 .  000& 

Those  reagents  which  promote  dissociation,  acids,  alkalis,  metals, 
&c.,  assist  condensation.  The  same  principle  is  applied  to  other 
condensations.  • 

The  formation  of  benzoylacetic  ester,  which  cannot  be  well 
explained,  by  supposing  that  hydrogen  is  dissociated  from  the 
nucleus  in  benzoic  ester,  is  brought  under  a  different  scheme.  Here 
the  unsaturated  group  is 

/OC2H5 

CeHs .  C-0 

I      I 

which  imites  with  acetic  ester  as  follows : 

y.OC2H5  yOCgHg 

CflHs.  0— O  +  H-CHa.COOCaHg  =  CeHg.  C— OH 

I       1 


^CH2  •  COOCjHj 


OC2H3 


CeHfi .  C— OH  =  CcHsCO.  CH2.  COOC2H5  +  CgH^OH 

\cH2.COOC2H5 

That  the  same  kind  of  reaction  should  necessitate  such  different 
interpretations  seems  scarcely  satisfactory. 

Michael^  has  opposed  Claisen's  theory  for  many  and  various 
reasons,  but  chiefly  on  the  ground  that  no  additive  compound  such 
as  Glaisen  describes  has  been  isolated ;  that  there  is  no  evidence  that 
it  exists;  that,  moreover,  the  yield  of  acetoacetic  ester  is  much 
diminished  by  substituting  sodium  ethoxide  for  sodium,  whereas  the 
reverse  would  be  anticipated. 

The  formation  of  such  an  intermediate  additive  compound  is  also 
out  of  harmony  with  his  '  neutralization  law'.  This  law,  which  is 
based  on  energy  changes,  is  developed  at  length  in  a  series  of  papers, 
and  though  highly  suggestive  cannot  be  conveniently  abridged.' 
Michael  is  perhaps  more  formidable  as  a  critic  than  as  a  theorist,  for 
his  own  explanation  has  a  weak  point,  inasmuch  as  he  draws  a  dis- 
tinction between  the  mechanism  of  the  change  effected  by  sodium  and 
that  produced  by  sodium  ethoxide.  The  explanation  having  reference 
to  sodium  is  briefly  as  follows:  The  sodium,  which  is  rich  in  positive, 

1  J.  prakL  Chem.,  1888  (2),  37,  507 ;  Per.,  1900,  83,  3781 ;  1905,  38,  1923. 
»  J.  prakt.  Chem.,  1888  (2),  37,  507 ;  1899  (2),  60,  286,  409. 
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potential  energy,  replaces  hydrogen  in  acetic  ester  and  gives  rise  to 
the  compound  GH2Na.  GOOG2H5,  which  isomerises  at  once  to 

CHa:C(ONa)OC2H5; 

but  the  positive  energy  of  the  sodium  is  still  unexhausted,  and  in  the 
next  phase  the  sodium  acetic  ester,  which  still  possesses  free  positive 
energy,  seizes  on  the  carbonyl  group  of  acetic  ester,  containing  free 
negative  energy,  whereby  the  metal  is  so  far  neutralized  that  further 
condensation  stops. 

yONa  >,0  yONa 

CH2 :  C  +  CH3 .  C  =  CH3 .  d— CH2 .  COOC2H5 

\0C2H5  \)C^,  \0C2H5 

Finally,  a  molecule  of  alcohol  is  detached.  The  above  change  cannot 
be  effected  by  sodium  ethoxide  as  it  possesses  less  free  energy  than 
metallic  sodium. 

It  will  be  seen  that  so  far  as  the  acetoacetic  ester  synthesis  is 
concerned  there  is  no  essential  difference  between  the  views  of  Michael 
and  Nef.  According  to  Michael,  where  sodium  ethoxide  is  used, 
a  process  of  polymerisation  similar  to  the  aldol  condensation  is 
induced  (see  p.  278).  This  condensation  is  brought  about  by  the  free 
energy  of  the  carbonyl  group  in  the  one  molecule  and  the  mobility  of 
the  hydrogen  atom,  due  to  the  proximity  of  a  negative  group,  in  the 
other  molecule.  Thus,  the  union  of  acetic  and  oxalic  ester  will  be 
f onnulated  as  follows : 

yOH 

EOOC .  COOR  +  CH3  .  COOR  «  ROOC .  C CHa .  COOR 

"^OCgHg 

The  product  then  interacts  with  sodium  ethoxide  and  a  molecule  of 
alcohol  is  finally  detached. 

yONa 

ROOC.  a CHg.COOR    ->    ROOC .  C(ONa) : CH .  COOR 

N)C2H, 

In  the  acetoacetic  ester  synthesis  the  sodium  compound  is  formed 
previous  to  condensation,  in  the  oxaloacetic  ester  it  takes  place  after 
condensation. 

A  very  ingenious  and  suggestive  explanation  of  this  and  other 
condensations  has  been  advanced  by  Lapworth.^   Lapworth  supposes 

^  Trans.  Chem.  Soc,  1901,  79,  1269 ;  1902,  81,  1512 ;  Proc.  Chem,  Soc,j  1903, 19, 
190. 
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that  the  substance  undergoes  ionisation,  forming  an  ecjailibrium 
mixture  of  ions  (see  p.  206). 

Acetic  ester  will  yield  the  following  ions : 

<0  yO— 

+  H     ^    CHaiCK  +H 

The  presence  of  a  base,  by  diminishing  the  concentration  of  the 
hydrogen  ions,  will  increase  that  of  the  negative  ions  and  accelerate  the 
change.  The  first  represents  the  negative  ion  of  an  oigano-metalUe 
compound  and,  being  a  weak  ion,  capable,  by  reason  of  its  electro* 
affinity,  of  uniting  with  a  neutral  component,*  i.e.  a  molecule  of 
acetic  ester,  forming  a  new  complex  negative  ion  thus : 

CH3 .  (CoCaH- 

\cH2.COOC2H5 

The  process  may  be  compared  with  that  by  which  the  alkyl  group  of 
a  magnesium  alkyl  halide  attaches  itself  to  the  carbon  of  a  carbonyl 
group.  The  process  being  reversible,  as  Dieckman  has  shown  (p.  267), 
the  ion  may  lose  its  neutral  component  and  break  up  into  two  mole- 
cules of  acetic  ester,  or  it  may  form  a  neutral  substance  with  a  positive 
ion,  such  as  sodium,  or  it  may  lose  the  negative  ion  — OO2H5,  in  the 
form  of  alcohol,  and  form  acetoacetic  ester. 

Before  concluding  the  subject  of  the  acetoacetic  ester  synthesis 
reference  should  be  made  to  the  introduction  by  Glaisen  of  sodamide 
as  a  condensing  agent.'  In  the  majority  of  cases  its  action  is  quieter 
and  more  regular  than  either  sodium  or  sodium  ethoxide.  It  can  be 
used  in  the  S3mthesis  of  1  *  8-diketones  and  for  alkylating  ketones. 
Acetophenone  and  ethyl  iodide  in  presence  of  sodamide  give  ethyl- 
acetophenone.  By  the  action  of  ethyl  chloracetate  on  ketones,  glycide 
esters  are  &rmed.  The  latter  reaction  is  explained  by  Claisen  as 
proceeding  in  three  phases.  In  the  first  an  additive  compound  with 
sodamide  is  formed,  which  undergoes  condensation  with  the  ethyl 
chloracetate  and  is  followed  by  the  removal  of  sodium  chloride. 

1.  CeHg .  qCHaXONa) .  NHjj 

2.  C^Hj .  C(CH3K0Na)CHCl .  COOCjHg 

3.  CeH5.C(CH3)OH.COOC2H5 


Y 


*  See  Abegg  and  BodlAnder,  Zeit.  anorg,  Chefn,f  1899,  20,  475. 
'  Ber.,  1905,  88,  698. 
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The  use  of  an  aldehyde  as  one  of  the  participating  members  in 
a  condensation  introduces  a  whole  series  of  closely  related  reactions, 
among  which  are  included  the  aldol  condensation,  Glaisen's  reaction, 
the  benzoin  condensation  and  Perkin's  synthesis.  These  reactions 
can  only  be  treated  in  a  very  general  way. 

The  Aldol  Oondenaation.  This  condensation,  which  was  dis- 
covered by  Wurtz,^  occurs  between  aldehydes  and  ketones,  and  may 
be  expressed  by  the  following  general  scheme : 

HC:0  +  CH2.C:0-:HqOH).CH.C:0 

III  I  II 

A  second  phase  in  the  process  results  in  the  elimination  of  water  and 
the  production  of  an  unsaturated  compound. 

HC(OH).CH.C:0  =  CH:C.C:0  +  HoO 

I  II  111 

The  first  is  the  aldol,  the  second  the  crotonaldehyde  condensation. 
Sometimes  the  first  phase  is  lost  and  only  the  second  becomes 
manifest. 

The  usual  reagents  which  effect  the  condensation  are  hydrochloric 
acid,  potassium  carbonate  or  caustic  soda  solution,  and,  less  frequently, 
sulphuric  acid,  acetic  acid,  acetic  anhydride,  and  zinc  chloride. 

The  type  of  all  these  condensations  is  the  formation  of  aldol 
(hydroxybutylaldehyde)  and  crotonic  aldehyde  from  acetaldehyde. 
The  first  reaction  occurs  in  presence  of  hydrogen  chloride  or  potas- 
sium carbonate,  and  the  second,  either  by  the  action  of  heat  on  the 
aldol,  or  by  the  direct  action  of  zinc  chloride  on  acetaldehyde.  The 
production  of  mesityl  oxide  and  phorone  by  passing  hydrogen 
chloride  into  acetone'  is  another  example  of  the  crotonaldehyde 
condensation. 

CO  +  CH,.CO.CH,->       C:CH.CO.CH, 


■a 


OI13  Go.^ 

Mesityl  oxide. 

CH3  CHj      CHg  CHj 

C:CH:C0.CH3  +  .C0-».        C:CH.CO.CH:C 
/  I  /  \ 

CII3  OM3  GII3  OM3 

Phorone. 


1  Jakreab.f  1872,  449.  <  Baeyer,  Afmalen,  1866, 140,  297. 
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The  reaction  has  also  been  used  for  preparing  unsaturated  cyclic 
compounda  Biaoetylbutane  and  strong  sulphuric  acid  yield  methyl- 
dehydrooydopentene  methyl  ketone.^ 

yGH^  •  CS2  *  ^O  •  CH3  A^H^  •  C  •  CO  •  CH3 

CS2  — ^  CHj 

\cHa .  CO .  CH3  \cHa .  C .  CH, 

Diaoetylpentane  gives  in  the  same  way  methyltetrahydrobenzene 
methyl  ketone.' 

Clais«n'B  Baaotioii.  A  special  interest  attaches  to  the  use  of 
dilute  sodium  hydroxide  solution  as  condensing  agent,  which  was 
first  employed  by  Schmidt'  and  afterwards  studied  by  daisen.^ 
Condensations  between  aldehydes  and  a  variety  of  aldehydes  and 
ketones  have  been  effected  by  this  reagent.  The  synthesis  of  erythrose 
from  glycollic  aldehyde  (p.  299)  and  fructose  from  glyceroee  are 
examples  of  this  process  (p.  811). 

CH2(0H)CH0  +  CH2(0H)CH0  -  CH2(0H).CH{0H).CH(0H).CH0 

Glycollic  aldehyde.  Erythrose. 

In  many  cases  the  aldol  phase  is  lost,  and  only  the  second  phase 
appears.  Claisen  found  that  benzaldehyde  and  acetone  in  presence 
of  sodium  hydroxide  solution  (10  per  cent.)  yield  benzylidene-  and 
dibenzylidene-acetone. 

CeHjCHO  +  CHj.CO.CHa-CeHj.CHrCH.CO.CHa  +  HjO 

Benzylidene  acetone. 

CeH5CBtCH.CO.CH3  +  OHCCeH5  ->  CcHaCHrCH.CO.  CHiCHCoHs 

Dibenzylidene  acetone. 

With  o-nitrobenzaldehyde  and  acetone  Baeyer  and  Drewsen* 
succeeded  in  arresting  the  action  at  the  first  stage  and  obtained  the 
nitrophenyllaciyl  methyl  ketone,  which  by  boiling  with  acetic  anhy- 
dride is  converted  into  the  unsaturated  compound. 

NOaCjH^CHO  +  CH3 .  CO  •  CH3  ->  N02CeH4CH(OH)CH2COCH3 

Nitrophenyllactyl  methyl  ketone. 

->    NOgCeH^CH :  CH  .  CO .  CH3 

Nitrobenzylidene  acetone. 

In  this  condensation  an  excess  of  alkali  is  to  be  avoided,  otherwise 
indigo  is  formed. 

^  Marshall  and  Perkin,  Traiu,  Oiem,  Soc,  1890,  67,  241. 

*  Kipping  and  Perkin,  Trans,  Ohem,  Soc,  1890,  67,  14. 

•  Ber.,  1880, 13,  2842.  *  JBw-.,  1881, 14,  2471. 
B  JBer.,  1882, 16,  2867. 
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If  the  new  compound  obtained  by  means  of  this  reaction  is  an 
aldehyde  like  dnnamic  aldehyde  (which  is  formed  from  benzaldehyde 
and  acetaldehyde)  the  process  of  condensation  may  be  repeated. 

CeHjCHO  +  CH3 .  CHO  -  CJBif^ .  OH :  CH .  CHO  +  H^O 

As  Einhom  and  Diehl  ^  have  shown,  cinnamic  aldehyde  may  un- 
dergo a  second  condensation  with  another  molecule  of  acetaldehyde 
or  acetone. 

CeH^OHzCH.OHO  +  OHa.CHO-^  CeH^CH  : CH .  OH : CH . CHO 

This  method  of  condensation  has  received  an  interesting  technical 
application  in  the  preparation  of  ionone — a  substitute  for  essence  of 
violets,  the  sweetiimelling  principle  of  which  it  closely  resembles 
both  in  structure  and  perfume.  Ionone  was  prepared  by  Tiemann 
and  Kruger*  from  citral,  an  aldehyde  contained  in  citron  and  lemon 
grass  oO  (p.  527).  Oitral  and  acetone  condense  in  presence  of  baryta 
solution  to  form  pseudaiononef  which  is  converted  in  turn  into 
a  mixture  of  a-  and  )3-ionone  on  boiUng  with  sulphuric  acid. 

(CH3)aO:  OH.  CHj,.  CHj. C(CH3):CH.  CHO  +  CH3. 00. 0H3-> 
(CH3)80:CH.CHa.CH3.C(CH3):CH.CH:CH.CO.CH3 

The  conversion  of  pseudoionone  into  a-  and  /3-ionone  may  be  sup- 
posed to  take  place  by  the  addition  and  subsequent  removal  of  two 
molecules  of  water. 

CHi     CHq 

C(OH) 
H,c/ 


iji 


<3H».CH:CH.C0.CH, 


/ 


Hjd      JC(0H)CH3 


CHq      CHq 

0 


\ 

CHq      CHq 


HgC/^H.  0H:CH.C0.CH3     HnC/^C .  CH  : CH .  CO .  CH 


H2OV     JO .  CH3 
CH 

a-Ionone. 


HgOv      >C .  CH3 
CHo 


jS-Ionone. 


1  Ber.,  1885, 18,  2820. 


Ber.,  1898,  81,  808. 
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Irone,  the  perfume  itself,  is  represented  by  the  formula :  ^ 

HCff^%3H .  CH  :  CH .  CO .  CH, 
CH, 

Irone. 

Like  the  aldehydes,  diketones  may  undergo  condensation  with  other 
ketones,  and  Japp'  and  others  have  succeeded  in  forming  products 
by  combining  benzil  and  phenanthraquinone  with  acetone,  &c.  An 
interesting  application  of  the  same  reaction  is  due  to  yon  Pechmanii,' 
who  prepared  quinones  of  the  benzene  series  by  a  similar  process.. 

Thus^  diacetyl  and  sodium  hydroxide  gave  first  the  intermediate 
product  dimethylgmnoffen  and,  by  internal  condensation,  p-a^2bgriitno«ie. 


CH3.CO.CO.CH3 


CHo .  C  •  CO  •  CHr 


CHg.CO.CO.CHj 

Diacetyl. 

CH3.C.CO.CH 


HC.CO.CO.CH3 

Dlmethylquinogen. 


II       II 
HC.C0.C.CH3 

p-Xyloquinone. 

Acetyl  propionyl  forms  in  the  same  way  duroquinone.  To  the  same 
category  of  reactions  belong  the  condensation  of  a-mettiyl  pyridine 
and  a-methyl  quinoline  with  aldehydes  and  ketones  (p.  567). 

CH  CH 

HC/\CH  Hq-^CH 

+  H.O 
.  CH3  +  CHO .  CH3  HOv     JC 


HC 


N 


.CH:CH.CH, 


N 


Many  aliphatic  and  aromatic  aldehydes  also  undergo  condensation 

with  aromatic  compounds  in  which  the  carbon  of  the  nucleus  attaches 

itself  to  the  carbon  of  the  aldehyde  group.     In  presence  of  strong 

sulphuric  acid,  formaldehyde  unites  with  benzene  to  form  diphenyl- 

methane. 

CH2O  +  2CcHe  «  GR^G,K,),,  +  K^O. 


^  Ber., 


1898,  26,  2675.  «  Ber.,  1888, 16,  275. 

»  Bar.,  1888,  21,  1417. 
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The  formation  of  leucobenzaldehyde  green  is  another  example  of  the 
sazne  process. 

CeH^CHO  +  2CeH5N(CH3)2  ->  C^U, .  CH[CeH,N(CH3)  J^ 

Bengoiw  Condensation.      The  action  of  potassium  cyanide  on 

aromatic  aldehydes  is  a  peculiar  one,  and  may  be  represented  by 

the  oldest  example — ^the  formation  of  benzoin  from  benzaldehyde 

and  alcoholic  potassium  cyanide — which  was  first  studied  by  Liebig 

and  WOhler.* 

CeHgCOH  CeHg .  CH .  OH 

+  -  I 

CeHfiCOH  CcHg.CO 

Benzaldehyde.  Benzoin. 

The  reaction  bears  a  close  resemblance  to  the  aldol  condensation. 
The  specific  action  of  the  cyanide,  which  differs  fundamentally  from 
that  of  the  caustic  alkalis  or  sodium  ethoxide  (which  produce  benzyl 
benzoate  or  a  mixture  of  benzyl  alcohol  and  benzoic  acid),  has  received 
various  explanations,'  the  most  plausible  of  which  is  that  of  Lap- 
worth.'  Lapworth  suggests  that  the  benzaldehyde  forms  a  cyan- 
hydrin  with  potassium  cyanide^  which  then  condenses  with  another 
molecule  of  benzaldehyde,  hydrogen  cyanide  being  finally  elimi- 
nated. 

C9H5         CgHg  ^eHg      CqHs 

HO.CH     +     CH:0     =     HO.C CH.OH 

I  I 

CN  CN 

GqH^      C0H5 


0:0 


+  HCN 


OH .  OH 


Pinacone  Condonaation.  A  reaction  not  unlike  that  which  pro- 
duces aldol  and  benzoin,  and  which  was  first  observed  by  Fittig,* 
is  brought  about  by  the  action  of  neutral,  alkaline,  and  occasionally 
acid  reducing  agents  on  aldehydes  and  ketones.  In  addition  to 
primary  and  secondary  alcohols,  this  reaction  gives  rise  to  substances 
known  as  pinacones.  In  this  reaction  the  molecules  of  the  original 
compound  become  linked  by  the  aldehyde  or  ketone  carbon  atom ;  at 
the  same  time  two  atoms  of  hydrogen  are  taken  up.    The  compounds 

^  Annaien,  1882,  8,  276. 

^  KnoeTenagel,  J3«r.,  1888,  21,  1846;  Nef,  Annals,  1897,  298,  812. 
'  Trans.,  1908,  83,  995. 

^  Annaleny  1868, 110,  26 ;  1859, 114,  54.  The  name  pinacone  has  reference  to 
the  tabular  form  of  the  crystals  obtained  from  acetone  (Wyof  •  table). 
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are  in  fiust  secondary  or  tertiary  glycols.    The  following  examples 


will  illustrate  the  process : 

CeHftCOH 

+         +Hj 
CeHftCOH 

Benzaldehyde. 


aH^CH.OH 


'6"5 


CeHjCH .  OH 

Hydrobenzoin  (and 
Isohydrobenzoin). 


CHs  •  CO .  CH3 

+ 
CH3  •  CO  •  CH3 

Acetone. 

C,H5.C0.C,Hs 
C,H8.CO.C,H5 

Benzophenone. 


+  Ho     = 


"•2 


+  H, 


CH8.C(OH).CH3 
CH3.C(OH).OH3 

Tetnunethylethylene  glycol. 

C,H,.0(0H).C,H5 


C,H, .  C(OH) .  CjHj 

Benzpinaoone 
Tetraphenyl  ethylene  glycoL 

The  first  of  the  above  reactions  occurs  only  with  aromatic  aldehydes 
and  a  few  of  the  higher  aliphatic  aldehydes,  the  two  latter  are  alike 
shared  by  aliphatic  and  by  aromatic  ketones.  The  reaction  has  been 
used  for  inner  condensation,  as,  for  example,  in  the  preparation  of 
dimethyldihydroxy-cycloheptane  from  diacetylpentane/ 

jGS.2  *  CM2  •  CO  •  CJEI3 


CH.C 


yCHo .  CHo .  C(OH) .  CHj 

NCHa .  CH2 .  CO .  CH3  M3Ha .  CHj .  C(OH).  CHj 

The  reduction  is  usually  effected  by  sodium  amalgam,  the  aluminium- 
mercury  couple,  zinc  and  acetic  add  or  zinc  and  hydrochloric  acid. 

No  very  clear  explanation  of  the  mechanism  of  the  process  is  yet 
forthcoming.  The  action  of  sodium  on  aldehydes  and  ketones  has 
been  studied  by  Fittig,  Beckmann  and  Paul,  and  also  by  Freer,  and 
may  possibly  throw  some  light  on  the  subject.  Kane,  early  in  the 
nineteenth  century,  found  that  potassium  liberates  hydrogen  from 
acetone  and  forms  a  compound  CsHgOEI,  and  more  recently  Freer  * 
stated  that  he  had  obtained  a  similar  compound  by  the  action  of  sodium, 
to  which  he  assigned  the  formula  CHg .  C(ONa) :  CH,.  Fittig's ' 
observation  that  sodium  acts  upon  acetone  with  the  production  of 
a  sodium  compound  of  pinacone  receives  a  ready  interpretation  if 
we  assume  that  two  molecules  of  a  nascent  sodium  acetone  become 
linked  in  process  of  reduction* 

CH3 .  qONa) .  CHs 

CH,.C(0Na).CH3 


'■s 


>  Kipping  and  Perkin,  Tran$.  Ofmu  8oc^  1891,  60,  214. 

>  Amer.  Chem.  /.,  1808, 16,  682 ;  see  alBO  Taylor,  Trans.  Ch$tn.  Soc.,  1906, 80, 1253. 
'  Annalin,  1869, 110,  25 ;  1860. 114.  64. 
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Bflckmann  and  Paul*  have  shown  in  the  same  way  that  benzaldehyde 
and  benzophenone  form  sodimn  compounds  which  are  decomposed 
by  water. 

C,HsOOH      Na  CgHsCH.ONa  CeH.OH.OH 

+  +       -*  I  +H80 


,CH. 


CeHsOOH      Na  CgHiCH.ONa  C.HjCH.OH 

Benzaldehyde.  "  Hydrobenzoin. 

(C,Hj),CO    Na  (CeH5)jC  ONa  (0,H,),C.OH 

+         ^  >0      +HjO     ->  I 

(C.H,),00    Na  (C,H,).C.Na  (C.HJ,C.OH 

In  the  latter  case  benzhydrol  is  also  formed. 

Perldn's  Baaotioii.  The  history  of  this  interesting  reaction  dates 
from  Perkin's  synthesis  of  coumarin  in  the  year  1868e*  Coumarin« 
the  sweet-smelling  principle  of  woodruff  and  hay,  was  found  to 
decompose,  on  fusion  with  potassium  hydroxide,  into  salicylic  alde- 
hyde and  acetic  acid, 

OjHeOg  +  2H2O  -  C^HeOj  +  C2H4O2 

Coumarin.  Salicylaldehyde. 

from  which  the  natural  conclusion  was  drawn  that  coumarin  was 
the  anhydride  of  acetylsalicylaldehyde. 

\OC2H3O  \COCH3 

By  heating  sodium  salicylaldehyde  with  acetic  anhydride,  coumarin 
was,  in  fact,  obtained.  The  evidence  seemed  conclusive  until  it  was 
discovered  that  acetylsalicylaldehyde  is  unchanged  by  acetic  anhy* 
dride,  although,  with  the  addition  of  fused  sodium  acetate,  coumarin  is 
readily  produced.  The  formula  assigned  by  Perkin,  which  represented 
coumarin  as  a  derivative  of  acetylsalicylaldehyde,  was  disputed  by 
Fittig,  who  could  not  reconcile  it  with  the  constitution  of  coumaric 
acid,  of  which  it  is  the  anhydride  ;  for  coumaric  acid  must  then  form 
coumarin  by  the  removal  of  hydrogen  from  the  benzene  nucleus, 
a  process  which  seemed  difKcult  to  reconcile  with  the  properties  of 
the  compound* 

.COOH  >.C0 

\C0 .  CH3  \C0 .  CH3 

Fittig  preferred  to  base  his  view  of  its  constitution  on  a  reaction  dis- 


1  Anwden,  1892,  206,  1.  '  Trana.  Chim,  Soc.,  1868,  21,  68. 
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covered  by  Bertagnini  ^  for  the  preparation  of  cinnamic  add,  which 
consisted  in  heating  benzaldehyde  and  acetyl  chloride. 

CeHgCHO  +  CH3 .  COCl  =  CeHgCH :  CH .  COOH  +  HCl 

The  formation  of  coumarin  might  be  explained  in  an  analogous 
fashion. 

yONa     CH3 .  C0\  ^  _  yONa 

'  XIH:CH.C00H 


CeHK  +  NO-^CgHZ  +CH3.COOH 

XIHO    CH, .  CO^ 


yOH  /O 

CeHK  +CH3.COONa-^C«H4<  |     +HjO 

MJHrCH.COOH  \CH:CH.CO 

The  formula  for  coumarin  as  the  inner  anhydride  of  o-hydrozycin- 
namic  acid  is  now  universally  accepted.*  In  1877 '  Perkin  published 
a  new  method  for  preparing  cinnamic  acid  and  analogous  compounds 
by  means  of  a  reaction  of  very  general  application  which  now  bean 
his  name.  It  consists  in  heating  a  fatty  or  aromatic  aldehyde  and 
the  anhydride  of  a  fatty  acid  together  with  its  sodium  salt  to  180° 
for  several  hours.  The  formation  of  cinnamic  acid  from  benzalde- 
hyde, acetic  anhydride  and  sodium  acetate  was  explained  by  Perkin 
on  the  assumption  that  the  anhydride  acted  upon  the  aldehyde  in  the 
following  manner : 


CH3 .  COv.  CeHfiCH :  CH .  CO 


2CCH5CHO  +  >0  =  >0  +  2H2O 

CH3 .  CO/         CeHfiCH :  CH .  CO^ 

The  view  was,  however,  opposed  to  the  observation  of  Geuther  and 

Habner,  who  found  that  benzaldehyde  and  acetic  anhydride  yield 

benzylidene  acetate. 

CHg.COv  ^O.OC.CH, 

CgHfi .  CHO     +  >0  -►  CeHj .  CH< 

CH3.CO/  ^O.OC.CHa 

To  determine  the  point,  Perkin  heated  benzaldehyde  and  acetic 

anhydride  with  sodium   propionate  and  obtained   cinnamic  acid, 

whereas  with  propionic  anhydride  and  sodium  propionate,  phenyl 

crotonic  acid  was  formed.     Perkin  assigned  to  phenyl  crot<mic  acid 

the  formula : 

CfiHg.CHrCH.CHjj.COOH 

1  Annalen,  1866, 100,  126. 

'  According  to  Michael  {J.  prakL  Chem,,  1899,  60, 868)  Strecker  was  the  first  to 
propose  this  formula  in  his  Lehrbueh, 
*  Trans.  Chenu  5oe.,  1877,  81,  889. 
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By  the  interaction  of  benzaldehyde,  succinic  anhydride  and  sodium 
succinate,  a  second  or  isophenylcrotonic  acid  was  subsequently  pre- 
pared by  Perkin,  the  formation  of  which  received  the  following 
interpretation: 

CoHgCHJO!  CeH, .  CH 

CjHn  COOH  =  C .  COOH  +  HgO  +  COg 

|---; I 

CHa.jCOOjH  CH3 

Fittig,^  who  had  been  engaged  in  a  careful  study  of  the  unsaturated 
acidsy  was  unable  to  reconcile  the  properties  of  the  two  phenylorotonic 
acids  with  the  respective  formulae  assigned  by  Perkin,  The  afi 
unsaturated  acids  possess  the  following  properties  in  common :  the 
additive  compounds  with  hydrobromic  acid,  when  heated  in 
aqueous  solution,  either  lose  hydrogen  bromide  and  pass  back  into 
the  original  compound  or  the  bromine  atom  is  replaced  by  hydroxyl, 
whilst  in  alkaline  solution,  carbon  dioxide  and  hydrogen  bromide 
are  removed,  and  an  unsaturated  hydrocarbon  results,  ^-bromo- 
phenylpropionic  acid  reacts  in  the  following  way : 

1.  CeHfiCHBr .  CHj .  COOH  «  CcHg .  CH :  CH  .  COOH  +  HBr 

2.  CeHgCHBr .  CHg .  COOH  +  Ufi 

«  CcHfiCHCOH) .  CHa .  COOH  +  HBr 

3.  CeHfiCHBr .  CHg .  COONa  -  CjHjCH :  CH^  +  NaBr  +  CO^ 

It  was  the  first  and  not  the  second  phenylorotonic  acid  which  behaved 
in  this  way  and  gave  with  sodium  hydroxide  solution  the  unsaturated 
h3rdiocarbon,  methyl  styrene  C^HgCH :  CCH3.  The  two  formulae 
must  consequently  be  reversed.  It  follows,  therefore,  that  in  the 
reaction  between  benzaldehyde  and  propionic  acid,  it  is  the  a«carbon 
of  the  acid  which  attaches  itself  to  the  carbon  of  the  aldehvde 
group.' 

In  order  to  follow  the  phases  of  the  second  reaction  Fittig  and 
Jayne'  repeated  Perkin's  experiment  with  benzaldehyde,  succinic 
anhydride  and  sodium  succinate,  but  at  a  temperature  of  100^  instead 
of  180°,  with  the  following  interesting  results:  no  carbon  dioxide 
was  evolved,  but  phenyl  paraconic  lactone  was  formed,  which,  on 
heatings  evolved  carbon  dioxide  and  yielded  isophenylcrotonic  acid. 
Fittig  explained  the  changes  as  follows : 

^  Ber.,  1894,  27,  2658. 

'  This  view  had  already  found  expression  in  MarkownikolTs  law,  Annalenf 
1868, 146, 848,  and  had  been  further  insisted  on  by  Michael  (£er.,  1878, 11, 1015). 
>  Armaim,  1882,  816,  97. 
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COOH  COOH 


CeHsCHO  +  CH, .  CHa    ->  CcHsCHCOH) .  CH .  CHg -> 

COOH  COOH 

COOH 

I 
CgH- .  CH .  CH .  CH2    -^    CcHgCHrCH.CHjCOOH  +  CO, 

O CO 

Phenylparaconic  lactone.  Isophenylcrotooic  aoid. 

The  production  of  a  hydroxy  oompound,  which,  as  in  the  aldol 
condensation,  Fittig  assumed  to  represent  the  first  phase  of  the 
process,  was  rendered  still  more  probable  by  the  formation  of  phenyl- 
hydroxypiyalic  acid  from  benzaldehyde  and  sodium  isobutyrate  in 
presence  of  acetic  anhydride.^ 

CHo  CHq 

I  J. 

CgHj .  CHO  +  CH .  COONa  =  CgHg .  CH(OH) .  C .  COONa 

CH3  CHg 

Phenylhjrdroxypiyalio  acid* 

Fittig  found,  moreover,  that  in  the  preparation  of  phenyl  paraconic 
lactone  at  the  lower  temperature,  acetic  anhydride  may  replace  with 
advantage  succinic  anhydride,  and  this  led  him  to  infer  that  it  is  the 
aldehyde  and  the  sodium  salt  which  interact,  and  not,  as  Perkin  had 
assumed,  the  aldehyde  and  anhydride.  By  conducting  the  process 
at  lOO''  he,  in  fact,  obtained  from  benzaldehyde,  sodium  propionate 
and  acetic  anhydride,  phenylcrotonic  acid,  and  from  sodium  buiyrate 
and  acetic  anhydride,  phenylangelic  acid.  The  fact  that  Perkin  had 
obtained  cinnamic  acid  from  benzaldehyde,  acetic  anhydride  and 
sodium  propionate  now  received  a  simple  explanation,  for  if  the 
reaction  is  conducted  at  100°,  the  sodium  salt  of  the  acid  reacts, 
whereas  at  180^  double  decomposition  will  occur  between  the  acetic 
anhydride  and  sodium  propionate  or  sodium  butyrate,  yielding  sodium 
acetate  and  propionic  anhydride  or  butyric  anhydride.  The  sodium 
salt  then  produces,  with  benzaldehyde,  cinnamic  acid.  Fittig's  view 
received  apparent  confirmation  from  the  experiments  of  Stuart,'  who 
prepared  analogous  compounds  with  malonic  and  isosucdnio  acids, 
both  of  which  are  incapable  of  forming  anhydrides.  Fittig  then  drew 
the  following  conclusions:  Perkin's  reaction  occurs  between  the 
aldehyde  and  the  sodium  salt  of  the  acid  in  two  stages ;  in  the  first 
H  hydroxy  compound  is  formed,  condensation  taking  place  between 

1  Annalen,  1882,  216,  115.  "^  Ber.,  1888,  16,  1486. 
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the  aldehyde  and  a*carbon  of  the  acid ;  in  the  second,  water  is 
eliminated  ;  in  the  case  of  polybasic  acids  a  lactone  may  be  fonned 
from  which  water  and  carbon  dioxide  can  be  removed  on  heating. 
In  spite  of  apparently  convincing  proofe,  Perkin  ^  did  not  relinquish 
his  original  view  that  the  interaction  takes  place  between  the  anhy- 
dride and  the  aldehyde,  a  view  which  is  also  shared  by  Michael. 
Perkin  pointed  out,  for  example,  that  the  formation  of  phenylangelio 
add  on  heating  a  mixture  of  benzaldehyde,  sodium  butyrate  and 
acetic  anhydride  to  100°  does  not  prove  that  combination  occurs 
between  the  aldehyde  and  the  sodium  salt ;  for,  in  the  first  pkoe, 
cinnamic  acid  cannot  be  formed  under  any  oircumstances  at  this 
low  temperature,  and  secondly,  the  sodium  salt  and  acetic  anhydride 
react  readily  at  100^  to  form  sodium  acetate  and  butyric  anhydride, 
and  the  same  is  true  of  the  salts  of  other  higher  fatty  acids.*  Perkin 
suggested  that  in  the  preparation  of  cinnamic  aoid,  the  benzyUdene 
diacetate  which  is  produced  by  the  interaction  of  benzaldehyde  and 
acetic  anhydride,  and  which  is  known  to  decompose  into  cinnamic 
acid,  may  undergo  isomeric  change  and  then  lose  a  molecule  of  acetic 
acid. 

.OCOCH3  .0 .  CO .  CH2 

C0H5 .  CH^  — >    CqH^  .  CH^ 

M)C0CH3  M)H2 .  COOH 

-^     CeHg .  CH :  CH .  COOH  +  C^H^Og 

Perkin's  theory  of  the  process  bears  a  strong  resemblance  to  that 
recently  suggested  by  Claisen^  to  explain  the  acetoacetic  ester  synthesis. 
These  conflicting  results  are  difficult  to  adjust,  and  the  question  of 
the  cotirse  of  the  reaction  must  be  left  for  the  present  undecided. 

CondMUMtions  with  1 .  S-DiketosMy  Claisen'ii  Method.  In 
studying  the  action  of  formic  ester  on  camphor  in  presence  of  sodium 
alcoholate,  Claisen^  obtained  hydroxymethylene  campho7'. 

yCHj,  .C :  CH .  OH 

Gs^u<  I      +  HCOOCoH,  «  C,Hh<  I  +  C^HjOH 

xio  m:o 

Camphor.  Hydroxymethylene  camphor. 

The  condensation  product  x>OBsesses  strongly  acid  properties  and 
forms  salts  and  esters  after  the  manner  of  acids. 


XJO 


CiCH.OM  /C:CH.OR 

CsHi,<  I 
X)0 


^  Trans.  Chem.  Soc,^  188C,  47.  817. 

*  Michael,  J.  prakU  Chem.,  1899,  60.  3G4. 

'  Ber.,  1908,  36,8674  ;  1905,  S8  709.  *  Armalm,  1894,  281,806. 


284  CONDENSATION 

With  acetic  anhydride  and  benzoyl  chloride  it  yields  an  aeetyl  and 
benzoyl  derivative.  But  the  most  significant  reactions  occur  with 
phosphorus  trichloride  and  the  bases,  ammonia,  aniline,  and  methyl- 
aniline.  In  the  first  case  the  hydrozyl  is  replaced  by  chlorine,  in 
the  second,  by  the  radicals  of  the  three  basic  groups  forming  amides. 
It  follows,  therefore,  that  the  new  carbon  group  contains  hydrozyl. 
and  since  it  can  only  be  represented  by  the  unsaturated  group 
ss  GH(OH),  the  term  hydroxymethylene  has  been  given  to  it.  The 
results  of  this  research  led  to  the  discovery  of  other  hydroxymethylene 
compounds  possessing  still  more  marked  acid  propertiea  By  the 
action  of  acid  chlorides  on  acetoacetic  ester  or  its  metallic  comi)Ounds 
the  acyl  group  may  replace  hydrogen  either  in  the  methylene  group 
of  the  keto  form,  or  in  the  hydrozyl  group  of  the  enol  form.^  Since 
no  acid  chloride  of  formic  acid  ezists,  the  simplest  of  the  acyl 
derivatives,  namely,  formylacetoacetic  ester,  could  not  be  obtained  in 
this  way*  Formic  ester,  which  might  be  employed  as  a  substitute  for 
the  acyl  chloride,  does  not  condense  with  acetoacetic  ester  in  presence 
of  sodium  ethoxide,  owing  no  doubt  to  the  formation  of  the  sodium 
compound  of  acetoacetic  ester,  which  would  inhibit  any  further 
action.  This  suggested  the  use  of  orthoformic  ester,  but  this 
substance  in  presence  of  acetyl  chloride  condenses  in  the  following 
unexpected  fashion,  giving  diethoxybut3^c  ester.' 

CO  CoHfiO.  C<  +HCOOO,Hj 

T  +  \CHOCsH5  -    I  NxJjHj 

I  I 

COOCjjHg  COOC2H5 

Diethoxybutyrio  ester. 

The  latter  on  distillation  loses  a  molecule  of  alcohol  and  forms  eth- 
oxycrotonic  ester,  the  isomer  of  ethylacetoacetic  ester. 

CHg .  C .  CHa .  CO2C2H5  =  CHg-CiOCgHg) :  CttCOgC^Hs  +  CJELfiB 

If,  however,  acetic  anhydride  is  employed  as  condensing  agent,  the 
following  reaction  occurs,  which  is  shared  by  other  1 .  S-diketones 
such  as  malonic  ester,  acetylacetone,  &c.' 

'  The  replacement  of  the  radical  in  the  hydroxyl  of  the  enol  form  is  best 
accomplished  by  means  of  the  acyl  or  alkyl  halide  in  presence  of  pyridine. 
*  Ber.j  1893,  26,  2729. 
>  AfuuUen,  1897,  207,  1. 
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t  I 

CO  CO 

I         C,H,0.  I 

CH,  +  NCHOCjHs  =  C :  CH .  OCoHs  +  2C.H5OH 

CsH,0/  I 

CO 
I  I 


Ao 


These  substanoes  represent  esters  of  strong  monobasic  acids,  for  they 
are  hydrol79ed  either  by  water  or  alkalis  yielding  the  free  acid  or  its 
salt,  and  are  converted  into  amides  by  ammonia  or  amines.  The 
strength  of  the  acids,  as  determined  from  their  electrical  conductivities, 
is  of  the  order  of  acetic  acid.    Claisen  concludes  that  the  group 

III 
CO — C — GO  which  is  present  in  these  substances  may  play  the  part 

of  the  «0  atom  in  a  carbozylic  acid,  a  view  which  is  readily  under- 
stood by  a  comparison  of  the  two  atomic  groupings,  the  dotted  line 
enclosing  the  equivalent  of  the  doubly  linked  oxygen  in  formic  acid. 


:  CO— C— CO  i  o 

II ■  II 

CH.OH  CH.OH 

Hydroxymethylene  diketone.        Formic  aoid. 

The  presence  of  the  hydroxymethylene  group  in  these  compounds 
is  proved,  as  in  hydroxymethylene  camphor,  by  the  action  of  phos- 
phorous chloride,  which  removes  hydroxyl,  giving  the  acid  chloride. 

CO— C— CO 

II 
CHCl 

On  heating  the  latter  with  the  sodium  salt  of  the  acid,  a  compound 
having  all  the  characteristics  of  an  anhydride  is  produced.  The  free 
acids  rapidly  absorb  oxygen  and,  on  warming,  evolve  carbon  dioxide, 
when  the  original  diketone  is  regenerated. 

— COv  —COv 

>C:CHOH  +  0=  >CH2  +  C02 

-co/  — CO^ 

The  compounds  undergo  various  other  interesting  changes,  for  an 
account  of  which  the  original  paper  must  be  consulted. 

Knoerenagel's  Soaetioiu  Among  the  earlier  attempts  to  bring 
about  condensation  gf  aldehydes  and  ketones  with  1 .  8-diketones  and 
ketonic  esters  is  that  of  Claisen,^  who,  by  the  use  of  hydrogen  chloride, 

^  AnfuOen,  1888,  218,  172. 
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succeeded  in  obtaining  condensation  products  with  aeetald^yde, 
benzaldehyde,  and  acetoacetic  ester  of  the  formula : 

R  •  CH^ 

^C  •  COOC2II5 
CHg.CXK 

Much  more  effective  reagents  for  this  purpose  are  ammonia  and  the 
primary  and  secondary  bases. 

Japp  and  Streatfeild '  were  the  first  to  employ  anmionia  to  condense 
phenanthraquinone  and  acetoacetic  ester. 

CeH^.CO  XJO.CH3        CcH,.C:C/^^-*^» 

CeH4.C0  \COOC2H5        CeH^.CO       ^^^^2*i6 

In  1898  Knoevenagel '  carried  out  a  much  more  complete  investi- 
gation, in  which  not  only  ammonia,  but  diethylamine,  piperidine,  and 
aniline  were  used  with  success.  Thus,  benzaldehyde  in  presence  of 
small  quantities  of  dietbylamine  condenses  with  acetoacetic  ester,  when 
cooled  in  a  freezing  mixture,  forming  benzylidene  acetoacetic  ester, 
that  is,  the  compound  which  Olaisen  obtained  with  hydrogen  chloride. 

<CO .  CH3 
COOCjHs 
This  example  may  serve  as  the  type  of  a  very  general  process  in  which, 
on  the  one  hand,  aldehydes  and  ketones  may  be  used,  on  the  other 
hand  a  variety  of  1. 3-diketones  and  ketonic  esters,  like  malonie  ester, 
benzoylpyruvic  ester,  benzoylacetic  ester,  acetonedicarboxylic  ester, 
acetylacetone,  benzoylacetone,  and  cyanacetic  ester.  Acetone,  for 
example,  condenses  with  cyanacetic  ester. 

CHgv  yCN  CH,v  /CN 

>CO  +  H.,C<  =  >C:C<  +HjO 

CU/  "   \C00C2H;j      C¥L/         ^COOCjHfi 

Also,  aliphatic  and  aromatic  nitro-compounds  may  replace  the  1 .  8- 
diketone, 

R.CHO  +  B.CHg.NOa  -  RCH  :CR,  NOg  +  HjO 
and  2 . 4-dinitrotoluene  condenses  with  benzaldehyde. 

CflHg .  OHO  +  CH3 .  CeH3(N02)2  =  CeH^ .  CH  :  CH .  C^IL^(ViO^ 
In  some  casesa  double  molecule  of  the  1 . 8-diketone  condenses  with 
ihe  aldehyde  if  the  process  is  conducted  under  modified  conditions. 
Thus,  benzaldehyde  and  acetoacetic  ester  condense  in  presence  of 
diethylamine,  if  the  reaction  proceeds  at  the  ordinary  temperature,  to 
form  benzylidene  diacetoacetic  ester. 

*  TroM,  ChenL  Soc,  1883, 43,  27. 

>  AnnaUn,  1894,  281,  25 ;  £«r.,  1904,  87,  4461. 
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yCO  .  CH., 

yCO .  CH,  /        XiOOCoHs 

C,H5CH0  +  2CHj<  -=  CjHsCm  +  2H2O 

X3OOC.H3  \        /CO .  CH, 

CH< 

XJOOCjsHs 

Compounds  of  this  character,  which  may  be  described  as  1 . 6-di* 

ketones,  are  capable  of  internal  condensation  in  presence  of  alkalis  or 

hydrochloric  acid,  and  a  variety  of  cyclic  compounds  have  been  built 

up  in  this  manner,  of  which  tiie  following  is  an  example.*    Alkyli* 

dene  diacetoacetic  ester  undergoes  iimer  condensation  with  alcoholic 

potassium  hydroxide,  and  on  hydroljrsis  loses  carbon  dioxide  and 

yields  the  cydopentenone  derivative. 

CH3 .  CO .  CH .  COOCijHs  CH3 .  C-  CH .  COOCH, 

I  /      \  "    ■ 

CHE  -^  CH        CHR 

I  \      / 

CH3 .  CO .  CH .  COOC2H3  CO— CH .  COOCjjH, 

Cll^  •  C      GI12 

-*    HC/        NcHR 

Analogous  reactions  to  the  above  are  the  inner  condensation  of  1 .  5- 
ketonic  adds  and  ketones,' such  as  the  synthesis  of  dihydroresorcinol 
from  y-acetyl  butyric  acid, 

CHj.CO.OH  SP 

I  HyCr    X!H, 

H. 


^ 


+  H2O 
CO 


CH2  •   CO  .   CH3  rtTT 


7-ao6t7l  butyric  acid.        Dihydroresorcinol. 

and  the  formation  of  isoacetopborone  from  acetone  and  lime. 

loL'Qa.2  •  CO  .  CI13  CM3     OH2  •  CO .  GH;{ 


CHj 
CH3 


O 


>< 


H:CH2  •  CO  ■  CH3  CH3      CH2 .  CO  •  CH3 

Acetone.  Intermediate  product. 

CH3    CHj_CO 

^CH 


Cxiq        Cxla     U  • 


L3       N^U.2    ^  •  ^-"3 

Isoacefcophorone. 
>  Anmlefif  1894,  281,  25 ;  1895,  288,  S21.       >  Yoilfinder,  Per.,  1895,  28,  2848. 
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Knoeyenagel  explains  the  action  of  the  condensing  agent  on  the 
assumption  that  the  aldehyde  first  unites  with  the  base.  Benzalde- 
hyde  and  piperidine  combine  as  follows : 

OeHgCHO  +  2C5H10NH  «  CeHfiOHCNCfiHiok  +  H^O 

The  product  then  interacts  with  the  diketone  and  regenerates  the 
base,  which  thus  plays  the  part  of  a  catalyst 

C6H,CH(N05Hio)2  +  CH3 .  CO .  CHg .  COOC^H^ 

<C0 .  CH3 
+  aC^HioNH 
COOCjjHfi 

Another  explanation   based   on   ionisation   has  been  advanced 

by  Hann  and  Lapworth,^  in  which  the  acetoacetic  ester  forma  aa 

equilibrium  mixture  of  the  following  ions : 

CH3 .  CO : CH .  COOC2H5  +  H  ^  CH3.  CO.  CH.  COOCjHj  +  H 

The  latter  would  then  combine  with  the  molecule  of  benzaldehyde 

as  neutral  component  (see  p.  272),  from  which,  by  elimination  of 

a  hydroxyl  ion,  benzylidene-acetoacetic  ester  would  be  produced. 

CH3 .  CO .  CH .  COOC2H5  CH3 .  CO .  C .  COO2H5 

T    ,  +H-^  II  +H,0 

CgHftCHO  CflH^CH 

The  effect  of  the  base  might  be  to  remove  hydrogen  ions  by 
forming  the  complex  NRSHs  or  introduce  hydroxyl  ions  and  thus 
increase  the  concentration  of  the  organic  ions. 

Michael'a  Baftotion.*  Michael  has  shown  that  the  sodium  com- 
pound of  acetoacetic  ester  and  malonic  ester  are  capable  of  forming 
additive  compounds  with  unsaturated  compounds  of  the  general 
formula  B.  CH :CH .  X  or  E .  C !  C .  X,  in  which  B  is  a  positive  or 
negative  organic  radical  and  X  a  strongly  negative  radical  like  a 
carbonyl  or  cyanogen  group.  The  sodium  joins  the  carbon  atom 
attached  to  the  most  negative  group  and  the  negative  radical,  the 
positive  carbon  group.  The  first  example  studied  by  Michael  was  the 
condensation  of  sodium  malonic  ester  (prepared  by  the  action  of 
metallic  sodium  or  dry  sodium  ethoxide,  on  the  ester  dissolved  in 
ether)  on  cinnamic  ester.  The  union  takes  place  in  the  following 
way: 

CcHjCH :  CH .  COOCjHg        CeH^CH .  CHNa .  COOC^H^ 

NaCH(COOC2H5)2  CH(COOC2H5)2 

'  Trans.y  1004,  86,  46. 

'*  Michael,  J.  prakt,  Chem.,  36,  851 ;  43,  S95 ;  46,  55 ;  48,  20 ;  Aawers,  Ber^ 
1891,  24,  807,  2887  ;  1893,  26,  864  ;  1895,  28,  268 ;  Ruhemann  and  Cunnizigton, 
Trans.  Chem.  Soc.,  1898,  78,  1006. 
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Acids  liberate  the  tribasic  ester  which,  by  hydrolysis,  can  be  con- 
verted into  the  dibasic  acid, 

CfiHs .  CH .  CH2 .  COOC2H-  CfiHs .  CH .  CHj .  COOH 


CH(COOC2H5)2  CH2 .  COOH 

Fumaric,  maletc,  and  citraconic  esters,  benzylidene  acetone, 
acetylene  dicarboxylic,  phenylpropiolic  ester,  &c.,  behave  in  the 
same  way. 

The  sodium  compound  of  cyanacetic  ester  resembles  malonic 
ester  ^  and  has  been  utilized  by  W.  H.  Perkin,  jun.,'  for  the  synthesis 
of  isocamphoronic  acid.  Dimothylglutaconic  ester,  when  digested 
with  an  alcoholic  solution  of  sodium  cyanacetic  ester,  yields : 

C2H5OOC .  C(CH3)2 .  CH .  CHNa .  COOCgH^ 

NC.CH.COOC2H5 

If  the  resulting  ester  is  then  hydrolysed,  isocamphoronic  acid  is 
obtained,  which  consequently  has  th^  formida : 

{CH3)2C~CH-CH2.  COOH 

1       I 
HOOC     CH2 .  COOH 

Isoeamphoronlo  aoid. 

The  same  condensation  process  has  also  been  applied  to  the 
synthesis  of  cyclic  compounds.  Vorl&nder^  obtained  dimethyl 
diketocyclohexane  from  mesityl  oxide  as  follows : 

(CHaJaC  :  CH  .  CO .  CH3  (CH3)2C  .  CH2 .  CO 

+  ->  I  I 

HCNa(COOC2H5)2      C2H5OOC  .  CH— CO— CHg 

(CH3)2C-CH2~CO 

H2C— CO— CH2 

and  Knoevenagel  prepared  isoacetophorone  in  the  same  fashion,  using 
sodium  acetoacetic  ester  in  place  of  sodimn  malonic  ester. 

Knoevenagel  *  also  found  that  diethylamine  could  replace  sodium 
or  sodium  ethoxide  in  effecting  condensations  of  this  character. 

The  FriedeM^rafts  Beaction.  The  reaction  discovered  in  1877 
by  Friedel  and  Crafts, '^  in  which  anhydrous  aluminium  chloride  is 
the  active  agent,  has  had  an  extraordinarily  wide  and  varied  applica- 
tion in  organic  synthesis.    It  is  connected  more  particularly  with  the 

<  Muller,  Compt.  rend,,  1892,  114,  1204. 

«  Proe.  Chem.  Soc.,  1900,  16,  214. 

'  AtmdlM,  1896,  204,  253.  *  Ber.,  1904,  87,  4464. 

«  Compt.  rmd,,  1877,  84,  1892 ;  Ann,  Chim.  Phys,,  1884  (6),  1,  449. 
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union  of  aromatic  hydrocarbons  with  a  variety  of  other  organic 

compounds  such  as  alkyl  halides,  acid  chlorides^  &c     Hydrocanbons 

can  be  obtained  by.  combining  an  alkyl  halide,  e.g.  methyl  chloride, 

with  benzene  in  presence  of  anhydrous  aluminium  chloride,  when 

a  vigorous  evolution  of  hydrogen  chloride  occurs  and  toluene  is 

formed. 

CeHc  +  CH3C1[  +  AICI3]  =  CoH;j .  CH3  +  HCl 

Ketones  can  be  prepared  in  the  same  way  by  using  an  aromatic 
hydrocarbon  and  an  acid  chloride.  Benzene  and  acetyl  chloride  give 
acetophenone. 

CeHo  +  CH3 .  C0C1[  +  AICI3]  =  C,H, .  CO .  CH3  +  HCl 

Carbonyl  chloride  and  benzene  react  in  a  similar  manner. 

2CeHe  +  COCIgC  +  AICI3]  =  CgH, .  CO .  C^H^  +  2HC1 

Aldehydes  have  been  obtained  by  uniting  an  aromatic  hydrocarbon 
with  a  mixture  of  carbon  monoxide  and  hydrogen  chloride  in 
presence  of  dry  cuprous  chloride  and  aluminium  chloride.^ 

|7-Tolylaldehyde  has  been  prepared  from  toluene. 

\CH0 

A  better  method  was  subsequently  found  for  obtaining  the  alde- 
hydes of  phenols  and  phenol  ethers  by  the  use  of  the  compound  ctf 
hydrogen  chloride  and  hydrogen  cyanide.  HCN .  HCl  is  pre- 
pared in  situ  by  passing  the  mixed  gases  into  the  phenol  ether 
and  aluminium  chloride.  The  imino  compound  which  is  formed  is 
acidified  with  hydrochloric  acid  and  distilled  in  steam,  when  the 
aldehyde  passes  over. 

CcHgOCH.  +  CICH  :  NH[  +  AICI3]  =  Cja/^        ^      +  HCl  ^ 

\CH :  NH 

<0CH3  xOCHg 

+  H20  =  CeH,<  +NH3 

CH :  NH  XJHO 

Acids  can  be  prepared  either  by  the  action  of  carbonyl  chloride  in 
the  proportion  required  to  give  the  acid  chloride,  which  is  then 
hydrolysed, 

CfiHe  +  COCljC  +  AlCla]  -^  C.HsCOCl  -^  CeH^COOH 

or  by  the  action  of  chlo^'oformamide,  which  is  obtained  by  heating 
cyanuric  acid  in  a  current  of  hydrogen  chloride,  the  vapours  being 

'  GAttermann  and  Koch,  Ber.,  1897,  90,  1622 ;  Annafent  1906,  347|  347. 
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then  passed  directly  into  the  hydroearbon  containing  aluminium 
chloride.     The  amide  of  the  add  is  finally  hydrolysed* 

CeHfl  +  aCONH^C  +  AICI3]  -  CeHgCONHa  +  HCl 

Alumi niiim ^chloride  has  also  been  used  by  Kipping^  for  effecting 
internal  condensation  in  the  case  of  phenylpropionyl  chloride  and 
phenylvaleric  chloride  in  which  ring  formation  occurs,  the  first 
giving  rise  to  hydrindone, 

,     Cq£1^  •  CM2  •  CH2  •  COCl  ^-^  CgH^'^  ^CIl2 

CO 

CHg  CH2 
CqH.^  •  GH2  •  CH2  •  CH2  •  CH2  •  COCl  — >  C^^H4^  ^CH2 


CU~CH 


.and  the  second  to  benzocycloheptanone.' 

In  all  the  foregoing  reactions  a  halogen  compound  is  used  in  con- 
junction with  the  hydrocarbon,  and  hydrogen  chloride  is  evolved. 
But  aluminium  chloride  can  also  act  as  a  condensing  agent  by  virtue 
of  its  dehydrating  action,  and  in  other  ways.  Thus,  phthalic 
iinhydride  and  benzene  condense  to  o-benzoyl  benzoic  acid : 

yCOv  yCOOH 

CcH,<        >0  +  CeHe[  +  AICI3]  -  CeHZ 

\C0/  ^CO.CeHg 

Phenylcarbimide  combines  to  form  benzanilide, 

%  C^He  +  CO :  NCJO^Ji  +  AlCTj]  «  C^Hs .  CO .  NH .  C^Hi 

and  sulphur  dioxide  produces  benzene  sulphinic  acid» 

^  CeHe  +  SOaL  +  AICI3]  «  CJBi^ .  SOJEL 

» 

Beactions  similar  to  the  above  can  also  be  carried  out  with  an- 
hydrous ferric  chloride,  and  in  some  cases,  as  in  the  union  of  benzene 
with  benzyl  chloride,  a  minute  quantity  of  zinc  or  copper  in  powder, 
or  the  aluminium-mercury  couple,  will  effect  condensation. 

C^Hg  +  CICH2 .  CgHs  »■  CqH5  .  CH2 .  CgHg  -f-  HCl 

Diphenylmethane. 

It  should  be  pointed  out  that  the  aluminium  chloride  occasionally 
reverses  the  process  of  condensation,  for  Ja<k>bsen '  has  shown  that  if 

^  Trans.  Chenu  Socy  1894,  66,  484;  1899,  76,  144. 
*  Rippini;  and  Hall,  Proc  Chvn,  Soc,  1899, 16,  178. 
"*  Ber,,  1885, 18,  839. 
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hexamethylbenzene,  to  which  a  small  quantity  of  aluminium  chloride 
is  added,  is  h^ted  in  a  current  of  hydrogen  chloride,  methyl  groixpa 
are  successiyely  detached,  with  the  formation  of  penta-,  tetra-,  &c., 
methyl  benzenes,  and,  finally,  benzene.  Another  interesting  £act 
connected  with  the  reaction  is  the  transference  of  methyl  groups 
from  one  hydrocarbon  to  another  under  the  influence  of  this  reagent. 
Anschtitz  and  Immendorff  ^  obtained  from  toluene  both  benzene  &iid 
m-  and  jp-xylene. 

Various  theories  have  been  advanced  to  explain  these  curious 
changes.  Friedel  and  Grafts  assumed  the  formation  of  an  intermediate 
compound,  CQH5.AI2CI5,  which  united  with  the  alkyl  halide, 
regenerating  aluminium  chloride. 

CoHfiAl.ClB  +  C^H^Cl  -  C,K, .  C^H^  +  Al^Cl, 

This  would  represent  the  chloride  as  a  true  catalyst,  in  whicli 
a  small  quantity  would  be  sufficient  to  bring  about  the  union  of  an 
indefinite  amount  of  the  reacting  materials.  In  practice,  this  is  not 
usually  the  case,  for  it  is  found  that  the  amount  of  product  increases 
approximately  with  the  quantity  of  reagent  As  Steele '  has  pointed 
out,  this  fact  does  not  necessarily  preclude  the  action  of  the 
aluminium  chloride  as  a  catalyst,  provided  it  can  be  shown  that  it 
forms  a  stable  compound  with  the  product.  The  observations  o£ 
Qustavson '  and  others  seem  to  point  in  this  direction. 

Gustavson  has  isolated  a  number  of  definite  compounds  of 
aluminium  chloride  and  hydrocarbon,  and  aluminium  chloride  alkyl 
halide  and  hydrocarbon  (possessing  such  formulae  as  AlsCl^ .  OgH^,  and 
with  ethyl  chloride  AljOle .  05113(02115)3 .  GO^Hq),  which  appear  to 
act  as  catalysts.  From  a  dynamical  study  of  the  reaction.  Gold- 
Schmidt  and  Larsen^  show  that  the  condensation  of  anisol  with 
benzyl  chloride  is  a  reaction  of  the  first  order,  or  unimoleoular,  and 
that  the  aluminium  chloride  acts  as  a  catalyst,  increasing  the  velocity 
of  the  reaction  in  proportion  to  its  concentration.  Steele  concludes 
from  similar  observations  '  that  the  action  of  aluminium  and  ferric 
chlorides  in  inducing  the  Eriedel-Orafts  reaction,  differs  from  many 
cases  of  true  catalysis  only  in  the  accident  that  these  reagents  com* 
bine  with  certain  substances  produced  during  the  reaction  and  are 
thus  removed  from  the  system '.  This  view  is  also  supported  by  the 
behaviour  of  the  aluminium-mercury  couple,  of  which  a  mere  trace 
can  effect  rapid  condensation  between  large  quantities  of  benzene 

^  Ber.f  1885,  18,  657. 

'  Trxmt.  Chem,  Soc,,  1903,  88,  1490. 

*  CompL  rend,,  1903,  186,  1065;  1905, 140,  940;  J.  W.  Walker  and  Spencer^ 
T)ran8.  Chem,  Soc,,  1904,  85,  1106. 

*  ZeiL  phye.  Chem,,  1904,  48,  480. 
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Axid  certain  aliphatic  and  aromatic  halogen  compounds  like  chloroform 
And  benzyl  chloride.^ 

Other  Condensation  Processes.  Condensation  includes  many  pro- 
cesses which  cannot  be  discussed  in  detail,  but  which  should  be 
remembered,  such  as  the  addition  of  hydrogen  cyanide  to  aldehydes, 
ketones,  and  unsaturated  ketones  of  the  formula  R2C:CK.  CO.  R,' 
&nd  the  formation  of  ketones  by  distillation  of  the  calcium  or  barium 
salts  of  organic  acids,  &c. 

The  latter  reaction  has  been  used  to  effect  internal  condensation  by 
distilling  the  lime  salt  of  a  dibasic  acid  such  as  adipic  or  pimelic  acid.^ 


CI12  •  CHq  .  COOv  CH.> .  Cxi. 

>Ca  =  I 
2.CH2.COO/  CH2.CH2 


I  \ca  =  y    ^         *\C0  +  CaCOg 

CHo .  CHo .  CO(y  OH, .  ch/ 


Galciam  adipate.  Cyelopentanone. 

The  process  of  electrolysis  may  also  effect  condensation,  when,  for 
instance,  sodium  ethyl  succinate  is  converted  into  adipic  ester/ 

CH2 .  COOC^Hs      CH2.CH0.COOC2HJ 
2   I  =  I  "  +H0  +  2CO2 

CH2.C00Na(H)     CH2.CH2.COOC2H5 
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CHAPTER   Vm 

THE  CARBOHYDRATES 

The  carbohydrates  are  among  the  principal  products  of  plant  life, 
and  they  are  also  elaborated,  but  to  a  much  smaller  extent,  in  the 
animal  organism.  They  thus  pbiy  an  important  rdle  in  the  economy 
of  nature.  Whilst  the  study  of  their  chemical  history  within  the 
living  organism  belongs  to  the  domain  of  the  botanist  and  physio- 
logist, their  chemical  behaTiour,  as  denoting  structure,  claims  the 
attention  of  the  chemist 

The  wide  and  abundant  distribution  of  the  vegetable  carbo- 
hydrates, their  extensive  consumption  as  food,  their  employment  in 
various  industries,  such  as  processes  connected  with  fermentation 
and  the  manufacture  of  fabrics  and  paper,  have  given  them  an 
interest  and  value  which  attaches  to  no  other  group  of  compounds. 

The  carbohydrates  include  a  number  of  substances,  many  of  them 
being  isomeric,  which  contain  carbon,  hydrogen,  and  oxygen. 
Though  varying  widely  in  physical  properties — some,  like  cane  and 
grape  sugar,  being  sweet,  soluble,  and  crystalline,  whilst  others,  like 
starch  and  cellulose^  are  tasteless,  insoluble,  and  non-crystalline — ^they 
are  chemically  closely  related.  For  the  majority  of  them  contain 
hydrogen  and  oxygen  in  the  proportion  found  in  water,  and  hence 
their  composition  may  be  expressed  by  the  general  formula  CJJH^O)^, 
from  which  the  term  hydrate  of  carbon  or  carixjihydraie  is  derived. 

It  should  be  added  that  several  recently  discovered  sugars,  for 
example,  rhamnose,  fucose,  and  chinovose  (see  p.  BIO),  have  the 
formula  C^'ELifi^  and  form  exceptions,  but  as  the  term  has  been 
generally  adopted  and  still  applies  to  the  majority  of  these  com- 
pounds, no  serious  objection  can  be  raised  to  its  use. 

The  more  complex  members  of  the  carbohydrates  are  readily 
hydrolysed  by  acids  or  enzymes  into  one  oi  more  of  the  simpler 
members.    Thus,  starch  and  cellulose  can  be  converted  into  glucose. 

(CcHio05)»  +  nH20  =  nCcH^A 

ClMudflcatioii  of  the  CarboliTdrates.  The  large  number  of  these 
compounds,  a  number  which  has  been  greatly  augmented  within  the 
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last  two  decades  by  the  masterly  researches  of  Emii  Fischer,  render 
it  necessary  for  conyenience  of  study  to  adopt  some  method  of 
classification.  They  fall  naturally  into  two  classeSy  the  sweet  and 
crystalline  compounds  termed  sugars,  and  the  tasteless  and  non* 
crystalline.  The  non-crystalline  carbohydrates  possess  a  more 
complex  structure  than  the  crystalline;  but  the  latter  are  also 
divisible  into  two  groups  having  different  molecular  formulae. 

According  to  the  old  system  of  classification  the  carbohydrates 
^eere  divided  into  three  groups,  one  containing  isomeric  compounds 
of  the  formula  CeH^gO^  termed  glucoses  or  the  grape-sugar  group, 
a  second  containing  compounds  of  the  formula  C12H22O11  and  termed 
saccharoses  or  cane-sugar  group,  and  a  third  containing  highly  com- 
plex compounds  of  the  general  formula  (CqHioOs)^,  but  of  unknown 
molecular  weight,  termed  amyloees  or  starch  group.  The  old  division 
is  still  retained,  but  the  word  glucose  is  now  reserved  for  the  dextro 
and  laevo  enantiomorphs  of  grape  sugar,  to  replace  the  older  word 
dextrose,  which  became  unsuitable  after  the  discovery  of  the  laevo 
enantiomorph.  For  the  same  reason  the  word  laevulose  applied 
to  fruit  sugar,  of  which  both  dextro  and  laevo  varieties  are  now 
known,  has  given  place  to  fructose. 

The  three  principal  groups  of  carbohydrates  are  now  distinguished  by 
the  najneBmanosaccharoses^  (formerly  glucoses),  disaccJiaroses  (formerly 
saccharoses),  and  pdlysaccUaroses  (formerly  amyloses). 

After  Fischer  had  succeeded  in  synthesising  a  number  of  new 
sugars  containing  more  and  less  than  six  atoms  of  carbon,  a  further 
subdivision  of  the  monosaccharoses  became  necessary.  The  new 
compounds,'  containing  from  two  to  nine  carbon  atoms,  possess 
the  general  characters  of  monosaccharoses,  and  must  be  classified 
with  them.  They  are  distinguished  by  the  names  Uose,  triose,  tetrose^ 
&c.  Thus,  the  group  of  monosaccharoses  with  six  carbon  atoms,  to 
which  grape  and  fruit  sugar  belong,  will  be  termed  hexoses.  Whilst 
some  of  the  monosaccharoses  combine  the  properties  of  alcohols  and 
aldehydes,  others  have  the  characters  of  alcohols  and  ketones,  and  the 
additional  distinction  aldose  and  Jcetose  has  been  introduced.  Thus, 
an  aldehyde  sugar  containing  six  atoms  of  carbon  would  be  termed 
an  aldo-hexose,  whilst  the  corresponding  ketone  compound  would  be 
a  keto-hexose. 

^  E.  Fischer  uses  the  end  syllable  Mde*  (e.g.  monosaccharide)  in  place  of 
<08e'  by  analogy  with  the  glucosides  which  are  structurally  related  to  the 
cane-sugar  group;  but  the  termination  has  no  significance  when  applied  to 
members  of  the  grape-sugar  group,  which  are  not  anhydrides  in  the  same  sense 
that  the  glucosides  are,  and  therefore  the  termination  adopted  above  seems  on 
the  whole  preferable. 
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Straeture  of  the  XoaosaeeliaroBas.  Not  more  than  a  quarter 
of  a  century  ago  the  monosaccharose  group  was  represented  hy  the 
four  well-known  sugars,  grape  sugar  (glucose  or  dextrose),  fruit  sugar 
(fructose  or  laevulose),  galactose,  and  sorbose.  Three  of  the  four 
substances,  namely,  glucose,  fructose,  and  galactose,  have  been  the 
subject  of  constant  and  careful  study  for  years  past,  yet  in  spite  of 
a  vast  accumulation  of  facts  their  true  constitution  remained  obscure 
until  the  years  1885  and  1886,  when  Kiliani  ^  obtained  conclusive 
evidence  of  their  structure. 

It  had  previously  been  shown  that  grape  sugar,  fruit  sugar,  and 
galactose  yield  penta-acetyl  derivatives  and  therefore  contain  five 
hydroxyl  groups.  On  reduction  they  take  up  two  atoms  of  hydrogen 
and  form  hexahydric  alcohols,  which,  with  hydriodic  acid,  are 
converted  into  normal,  secondary  hexyl  iodide.  Consequently  the 
three  sugars  consist  of  a  normal  chain  of  six  carbon  atoms.  Five 
of  these  are  probably  present  as  carbinol  groups,  since  it  is  unlikely 
that  two  hydroxyl  groups  are  attached  to  one  carbon  atom.  The 
sixth  carbon  atom  will  represent  a  ketone  or  aldehyde  group ;  for 
the  sugars  undergo  reduction  and  form  additive  compoands  with 
hydrogen  cyanide  and  combine  with  hydroxylamine  and  phenyl- 
hydrazine.  They  all  behave  more  like  aldehydes  than  ketoisi^ 
inasmuch  as  they  reduce  alkaline  copper  sulphate  and  silver  nitrate 
solutions;  but,  on  tlie  other  hand,  whilst  glucose  yields  gluconic 
acid  and  galactose  yields  galactonic  acid  on  oxidation,  that  is  to 
say,  substances  which  contain  the  same  number  of  carbon  atoms 
as  the  original  sugars,  fructose,  under  similar  conditions,  breaks 
up,  and,  among  the  products,  trihydroxy-butyric  acid  has  been 
identified. 

The  problem  had  advanced  to  this  stage  when  Kiliani  published 
his  researches.  He  hydrolysed  the  cyanhydrins  of  glucose,  galac- 
tose, and  fructose,  converting  them  into  monobasic  acids.  They 
were  then  reduced  with  hydriodic  acid.  Glucose  and  galactose  yielded 
the  same  normal  heptylic  acid,  whereas  fructose  was  converted  into 
methyl  butyl  acetic  acid.  It  was  therefore  assumed  that  glucose 
and  galactose  are  aldehydes  and  fructose  is  a  ketone,  a  view  which 
until  recently  has  been  accepted.  A  new  theory  of  their  structure 
which  involves  the  spatial  configuration  of  the  molecule  has  been 
brought  forward  by  Lowry'  and  E.  F.  Armstrong^  and  is  discussed 
on  p.  880. 

>  £cr.,  1885,  18,  8066 ;  1886,  10,  221,  767,  1128. 
^  Trans.  Chem,  Soc.,  1908,  83,  1814. 
'  Trans,  Chem,  Soc,  1908,  83,  1805. 
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The  abnormal  behaviour  of  fructose  in  reducing  alkaline  metallic  salts, 
ivhich  is  usually  regarded  as  characteristic  of  aldehydes,  is  ascribed 
to  the  ready  oxidizability  of  hydroxy-ketones.  The  case  is  sunilar  to 
that  of  the  hydroxy-acids,  which  like  tartaric  acid  are  easily  oxidized 
and  separate  silver  from  ammonia-silver  nitrate,  whilst  simple 
dibasic  acids  like  succinic  acid  have  no  such  action. 

In  the  same  year  (1887)  that  Eiliani  completed  his  researches  on 
the  constitution  of  glucose,  galactose,  and  fructose,  Emil  Fischer  ^ 
prepared  the  first  artificial  sugar  in  the  pure  state,  which  he  named 
a-acrose.  The  substance  proved  to  be  the  inactive  representative  of 
natural  fructose.  Then  followed  in  quick  succession  the  synthesis 
of  ordinary  or  dextro-glucose  and  its  optical  enantiomorph,  laevo- 
glucose,  natural  fruit  sugar  or  dextro-fructose,  and  the  corresponding 
laevo  compound  and  a  series  of  new  artificial  sugars.  The  stimulus 
given  by  Fischer  to  this  line  of  research  led  to  a  more  careful 
examination  of  the  natiural  sugars,  with  the  result  that  dextro- 
mannoee,  first  prepared  artificially  by  the  oxidation  of  mannitol^ 
was  found  to  be  somewhat  widely  distributed  in  nature.  The 
monoB&ccharose  group  is  now  represented  by  sugars  which  contain 
from  two  to  nine  carbon  atoms,  members  of  all  the  stereoisomeric 
tetroses  and  pentoses,  and  twelve  of  the  sixteen  possible  aldo-hexoses. 
in  addition  to  the  isomeric  fructoses,  sorboses,  and  other  keto 
hexoses.  The  following  is  a  list  of  the  natural  and  artificial  mono- 
saccharoses  at  present  known,,  all  of  which  have  been  obtained 
artificially  and  their  configuration  accurately  ascertained.' 


»  Ber.,  1887,  20,  1098,  2566. 
2  Ber.,  1894,  27,  3198. 
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Aldoses 

Ketoses 

Biose 

GlycoUic  aldehyde 

Triases 

Glyceric  aldehyde 

Dihydroxy-acetone 
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Met^^yl  tetrose 

Rhamno  tetrose 
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d-^Arabinose 
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Methyl  pentoses 

Rhamnose 
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Fucose 
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d-Z-Glucose 
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d-^Gulose 
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d-Mifannose 
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d-{-Galactose 

d-Tagatose 
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Methyl  hexose 
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d-M)Cannoheptose 
a  and  /i-Glucoheptose 
a  and  ^-Galaheptose 

Methyl  heptose 

Rhamnoheptose 

Octoses 

Manno-octose 

a-Gluco-octose 

Gala-octose 

Nonoses 

Mannononose 

m 

Glucononose 

Aromatic  series 

Phenyl  tetrose 

/ 

A  new  and  nearly  complete  chapter  has  thus  been  added  to 
organic  chemistry,  the  far-reaching  effects  of  which  it  is  still 
impossible  to  forecast.  Meanwhile  it  has  afforded  a  deeper  insight 
into  a  group  of  compounds  intimately  associated  with  the  main 
function  of  vegetable  life,  and  at  the  same  time  provided  a  brilliant 
and  convincing  proof  of  the  soundness  of  the  van't  Hoff-Le  Bel 
hypothesis. 

It  is  not  intended  to  give  an  abstract  of  the  voluminous  litera- 
ture which  has  been  published  on  the  subject  of  the  monosaccha- 
roses.  To  do  so  would  be  to  defeat  the  object  in  view,  namely, 
that  of  placing  before  the  student  such  facts  as  will  enable  him 
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to  dearly  understand  the  synthetic  methods  for  prepai*ing  these 
substances  and  the  process  by  which  their  configuration  has  been 
ascertained. 

Vatnral  Sources  of  the  Xoiiosaccharosee.  Some  of  the  mono- 
saccharoses,  like  glucose  and  fructose,  are  found  uncombined  in 
plants  and  animals.  These  and  others  may  also  be  obtained  from 
other  vegetable  products — the  glucosides  and  polysaccharoses — by 
the  hydrolysing  action  of  ferments  or  acids.  Thus,  d-glucose  is 
found  in  amygdalin,  salicin,  populin,  sinigrin,  and  in  fact  in  the 
majority  of  glucosides,  whilst  rhamnose  is  found  in  quercitrin, 
fustin,  &c.,  and  together  with  galactose  in  xanthorhamnin.  Among 
the  polysaccharoses,  cane  sugar  yields  glucose  and  fructose ;  rafiinose 
yields  glucose,  fructose,  and  galactose,  and  the  cellulose  of  the  ivory 
nut  and  other  carbohydrates  give  mannose  on  hydrolysis. 

Ssmthetio  Vreparatien  of  the  Xonoeacoliaroses.  The  fol- 
lowing synthetic  methods  have  been  devised  for  the  preparation  of 
the  monosaccharoses  and,  unless  otherwise  stated,  have  been 
elaborated  by  Emil  Fischer.* 

1.  Polymerisation,  or  AldoL  Condensation,  of  tJie  lower  members  oftfie 
(froup  by  the  action  of  a  solution  of  an  dlJculL  GlycoUic  aldehyde  has 
been  converted  into  erythrose  and  glycerose  into  fructose  (p.  274). 

2C2H4O2     =     C4H3O, 

GlycoUic  aldehyde.     Erythrose. 

2C3H0O3     =     CgHiaOc 

Glycerose.  Fructo&e. 

2.  ITie  Oxidation  of  tJie  Fohfliydric  Alcohols.  This  is  effected  by 
means  of  bromine  in  presence  of  sodium  carbonate,  of  nitric  acid,  or 
of  Fenton's  reagent  (hydrogen  peroxide  and  a  trace  of  ferrous  salt). 
The  product  may  be  an  aldehyde  or  ketone  or  a  mixture  of  the  two. 
Thus,  glycerol  gives  glycerose  (chiefly  dihydroxyacetone),  whilst 
mannitol  gives  the  aldehyde,  mannose. 

CoHhOc  +  0     =     CflHigOo  +  H^O 

Mannitol.  Mannose. 

3.  The  Oxidizing  action  of  Bertrand^s '  *  sorbose  bacterium  \  Here  the 
ketose  only  results.  Glycerol  gives  dihydroxyacetone,  erythritol  gives 
the  ketone,  erythrulos^,  arabitol  forms  arabinulose,  sorbitol  gives 
sorbose,  mannitol  gives  fructose,  and  so  forth. 


Ber.,  1890,  28,  2127 ;  1894,  27,  8190. 
Ann.  Chim.  P*t/s.,  1904  (8),  3,  181. 
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The  action  of  the  organism  is  selective,  depending,  as  we  shall 
see  later  (p.  827),  on  the  configuration  of  the  alcohoL 

This  method  also  serves  the  purpose  of  obtaining  active  poly- 
hydric  alcohols ;  for  on  reduction  of  the  ketoses,  formed  by  Ber- 
trand's  bacterium,  a  new  asynmxetric  carbon  atom  is  created  which 
under  the  asymmetric  conditions  of  its  formation  produces,  or  may 
produce,  unequal  quantities  6f  active  products.  Thus,  (7-erythrulose 
gives  on  ^duction  d-erythritol  as  well  as  the  meso  product,  whilst 
(^-sorbose  gives  J-iditol  along  with  d-sorbitol. 

CH^OH  CH2OH  CH2OH 

I  I  -  I 

CO  -^    H— C— OH      +     HO— C— H 

I  I  I 

CHOH  CHOH  CHOH 

I  I  I 

CH2OH  CH.OH  CH2OH 

d-Erythrulose.  d-Erythritol  and  t-£rythritoL 

4.  The  Reduction  of  the  Lactones  of  Mono-  and  Diphasic  hydros^ 
acids.  The  process  was  devised  by  Fischer  and  is  of  very  general 
application.  It  is  effected  by  means  of  sodium  amalgam  in  a  solu- 
tion maintained  slightly  acid  by  the  addition  of  sulphuric  acid. 
The  object  of  keeping  the  solution  acid  is  to  prevent  the  hydros 
lysis  of  the  lactone  by  the  formation  of  the  sodium  salt  which 
withstands  reduction. 

Oluconic  lactone  forms  glucose. 

CHoOH         CH.,OH 

I  I  • 

CHOH         CHOH 

I  I 

.CH    +H.,  =  CHOH 

I        "     I 
(CH0H)2        (CHOH)., 

I 
CO  CHO 

Gluconic  lactone.  Glucose. 

c2-Saccharic   acid    can   be   transformed   in    the  same   way  into 

c2-glycuronic  acid. 

COOH         COOH 


<: 


CHOH  CHOH 

I  I 

yCH    +H,  =  CHOH 

0(  (CHOH)^  (CHOH)^ 

^CO  CHO 

rf-Saccharic  acid.  d-Glycuronic  acid. 
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5.  Conversion  of  a  Ulglier  to  a  Lower  Monosaccharose.  This  is 
effected  by  a  method  which  is  due  to  Wohl '  and  consiBts  in 
removing  water  and  hydrogen  cyanide  in  the  following  manner : 
The  monosaccharose,  for  example,  glucose,  is  converted  into  theoxime 
with  hydroxylamincv'  The  product  is  then  acted  upon  with  acetic 
anhydride  in  presence  of  sodium  acetate,  which  removes  a  mole- 
cule of  water  and  at  the  same  time  acetylates  the  hydroxyl  groups, 
forming  the  nitrile  of  penta-acetylgluconic  acid.  Ammonia  silver 
nitrate  solution  now  removes  hydrogen  cyanide  and  gives  the  acetyl 
derivative  of  the  pentose,  from  which,  by  the  action  of  ammonia 
an  acetamide  derivative  of  the  pentose  is  produced.  Finally,  by  the 
action  of  sulphuric  acid  the  pentose  is  liberated, 

CHgOH 


CH2OH 

(CHOH), 

I 
CHOH 

Glucose. 


(CH0H)3 

I 
CHOH 


CHiNOH 

Glacose  oxime. 


CH2OH 

(CH0H)3 
CHOH 

CN 

Gluconic  nitrile. 


CH2OH 

I 

(CHOH), 
CHO 


Arabinose. 


By  this  method  glucose  has  been  converted  in  successive  stages 
into  arabinose,  erythrose,  glycerose,  and  glycollic  aldehyde. 

6.  Another  method,  due  to  Ruif,^  produces  a  similar  result. 
The  monobasic  acid  obtained  from  the  higher  monosaccharose  is 
oxidized  by  means  of  Fenton's  reagent — hydrogen  peroxide  and  a 
trace  of  ferrous  salt — to  the  lower  sugar.  Gluconic  acid  from 
d-glucose  has  been  converted  into  r7-arabinose  and  ef-arabinose  into 
<i-erythrose. 

CeHiaOe  ->  CeHi^O^  +  O  =  C3H10O5  +  CO^  +  HgO 
Olncose.         Oluoonic  acid.  Arabinose. 

7.  Conversion  of  a  JJotcer  to  a  Higluir  Monosaccharose.  The  method 
consiBts  in  producing  the  cyanhydrin  of  the  lower  sugar,  con- 
verting  the  latter  into  the  corresponding  acid  by  hydrolysis  and 
reducing  the  lactone  as  previously  described  (p.  300).  Glucose  has 
been  converted  into  glucoheptose  in  this  way.  / 


CHoOH 


'2 


CH,OH 


(CH0H)4 
CHO>! 


c  ■> 


(CH0H)4 

I 
CH.OH 

I 
CN 


CH.OH 

I 
(CH0H)4 

CHOH  y, 

I  ' 

COOH 


Qlucoae. 


CHjOH 
(CHOH)^ 
^  CHOH 
CHO 

Olucoheptose. 


■  Ber.,  1898,  26,  780;  1897,  30,  3101;  1899,  32,  36C6. 
'  Btr.,  1898,  31,  1673. 
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It  should  be  pointed  out  that  in  the  process  a  new  afiymmetric 
carbon  atom  is  introduced  which  may  form  two  enantiomorphous 
arrangements  and  consequently  give  rise  to  two  products.  This  is 
actually  the  case,  for  on  turning  to  the  table  on  p.  814  it  will  be 
seen  that  a-  and  )9-glucoheptoses  and  a-  and  )8-galaheptoses  are  formed 
from  the  corresponding  hexoses.  On  the  other  hand  only  one  product 
is  obtained  from  mannose. 

8.  Intercanversion  of  Isomeric  Aldoses.  The  conversion  of  one 
monosaccharose  into  another  has  been  effected  in  the  following  way: 
Fischer  found  that  on  heating  the  monobasic  acids  (derived  from  the 
sugars  by  oxidation)  in  aqueous  solution  with  pyridine  to  a  tempera- 
ture of  180-150°  a  molecular  change  occurs.  The  hydrogen  atom 
and  hydroxyl  group  attached  to  the  carbon  atom  next  to  the  carboxyl 
group  are  interchanged  and  a  new  stereoisomeric  modification  is 
produced.  It  occasionally  happens  that  the  conversion  is  complete ; 
but,  as  the  process  is  reversible,  the  original  and  the  newly  formed 
product  are  as  a  rule  present  as  an  equilibrium  mixture.  The 
reaction  is  analogous  to  the  conversion  of  active  into  racemic  and 
meso  tartaric  acid  when  heated  with  water  (see  p.  80),  and  may  be 
represented  as  follows : 

CHoOH  CHoOH 

I  I 

(CHOH)„  (CHOH)« 

c  ^         c 

COOH  COOH 

The  addition  of  a  weak  base  like  pyridine  prevents  the  formation 
of  the  lactone,  which  would  interfere  with  the  process  of  conversion. 
The  method  is  cajMtble  of  very  general  application,  and  has  proved  of 
the  greatest  value,  not  only  in  the  synthesis  of  new  sugars,  but  in 
affording  an  invaluable  means  of  ascertaining  their  stereochemical 
relations.  Among  the  pentoses,  arabinose  has  been  converted  suc- 
cessively into  arabonic  acid,  then  by  inversion  into  ribonic  acid,  and 
finally,  by  reduction  of  the  lactone,  into  ribose.  Xylose  has  been 
transformed  in  the  same  way  into  lyxose,  whilst  in  the  hexoee  group 
mannose  has  been  converted  into  glucose  and  galactose  into  talose. 
Also  a  dibasic  acid  like  mucic  acid  has  been  transformed  into  the 
stereoisomeric  allomucic  acid. 

9.  Cofwersion  of  Aldose  into  Ketose.  The  change  of  aldose  to 
ketose  may  be  effected  by  the  aid  of  phenylhydrazine,  a  reagent  which 
in  the  skilful  hands  of  E.  Fischer  has  proved  invaluable,  not  only  for  its 
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present  object  of  converting  one  sugar  into  another,  but  in  the  more 
generally  useful  purpose  of  isolating,  purifying,  and  identifying  the 
mono-  and  di-saccharoses.  All  the  ketose  and  aldose  sugars  combine 
with  one  molecule  of  phenylhydrazine,  forming  phenylhydrazones. 
These  substances,  with  the  exception  of  the  hydrazone  of  mannose 
and  a  few  of  the  higher  members  of  the  group,  are  very  soluble  in 
water.  If,  however,  an  excess  of  phenylhydrazine  (at  least  three 
molecules),  in  the  form  of  an  aqueous  solution  of  the  acetate,  is  em- 
ployed, an  insoluble  3rellow  crystalline  substance  is  deposited,  on 
warming,  which  is  known  as  an  osazone.  Osazones  are  formed  from 
all  compounds  containing  a  ketone  and  carbinol,  aldehyde  and  carbinol. 
or  two  aldehyde  or  two  ketone  groups  in  juxtaposition,  and  have  the 

general  formula : 

R.C^N.NHCoHs 

I 
R .  C  =  N .  NHC.H. 

Thus,  glycollic  aldehyde  and  glyoxal  give  the  same  osazone ; 

HC  =  N .  NHC.,H« 


A, 


HC  =  N .  NHCeHg 
but  in  the  former  case  the  process  takes  place  in  two  stages.     The 
phenylhydrazone  is  first  formed  and  then  undergoes  oxidation  at  the 
«xpense  of  a  second  molecule  of  phenylhydrazine,  which  thereupon 
breaks  up  into  ammonia  and  aniline  thus: 

CHjOH 

+  NH. .  NHCjH, 
)H:N.NH.CeH5 

CHO 
=  I  +NH3  +  CoH,NH.. 

CHtN.NH.CoHs 

The  aldehyde    hydrazone  then  unites  with  another   molecule  of 
phenylhydrazine  to  form  the  osazone. 

CHO  CH :  N .  NHC«H-, 

I  +NHi.NHC«H3=  I  ■+H,0 

CHcN.NHCoHj  CH:N.NHCoHj 

In  the  case  of  glucose  the  changes  will  be  represented  as  follows : 

CHjOH  CHi-OH  CKjOH 

I  I  I 

<CH0H)3  (CHOH);,  (CHOH)., 

CHOH  ~*     CO  ~*     C:N.NHC„H5 

I  I  I 

CH:N.NHCoHs  CH:N.NHC«H5  CH:N,NHC„H, 

■Oluoose  phenylhydrazone.     Intermediate  produot.  Glucosaznne. 


» 
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Fructose  behaves  in  a  similar  fashion. 
CH2OH  CHjOH  CHjOH 

(CH0H)3  (CH0H)3  (CH0H)3 

C:N.NHaH.    "*     C:N.NHC«H.    "^     CiN.NHaH. 


CHa 


OH  CHO  CH :  N .  NHCcHj 


Fructose  phenylhydrazone.    Intermediate  product.  Glucosazone. 

It  should  be  noted  that  the  products  obtained  from  natural  glucose 
and  natural  fructose  are  not  isomeric  but  identical,  a  point  of  some 
importance  in  connection  with  their  space  configurations. 

Now  if  the  osazone  is  warmed  for  a  moment  with  strong  hydro* 
chloric  add  it  is  hydrolysed  and  forms  a  ketonic  aldehyde,  which 
is  kno%Tn  as  an  osone^  and  two  molecules  of  phenylhydrazine  are 
removed. 

CH2OH  CH2OH 

ICHOH),  (CH0H)3 

!  +2HoO  +  2HCl=  I  +2CCH5NH.NH2.HCI 

CiN.NHCgHs  CO 

I  I 

CHrN.NHCcHs  CHO 

GlucosAzone.  Glucosone. 

The  osone  can  be  isolated  in  the  form  of  its  lead  compound,  and 
gives,  on  reduction  with  zinc  dust  and  glacial  acetic  acid,  a  ketoae. 
In  this  way  glucosone  can  be  converted  into  fructose. 

CHgOH  CHgOH 

I  I 

(CH0H)3  (CH0H)3 

ho        *"■  -    io 

CHO  CHjOH 

Oluoosone.  Fractose. 

Another  way  of  compascting  the  same  end  is  to  reduce  the  osazone 
with  zinc  dust  and  acetic  acid  when  an  osamine  is  fomied. 

CHjOH  CHjjOH 

^l'^^^"  +H,0  +  2H,.^|^^^'     C.H,5h.NH, 

C:N.NHC«H.  CO  + 

I  i  CeHjNHj 

CH.N.NHCoHj  CHj.NHa 

Olucosazone.  Qlaeoeamiiie. 

The  latter  on  treatment  with  nitrous  acid  then  forms  the  ketoae. 
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CHjOH 


A 


(CH0H)8 

CO 

CHjNHj 

Olnooaamiiie. 


+  HNO, 


OHjOH 
(CHOH). 

io 
CH20H 

Fructose. 


•fNj  +  HjsO 


10.  Conversion  of  Ketose  into  Aldose*  The  only  way  of  producing 
this  change  is  through  the  alcohol  in  the  following  steps :  ketose— »• 
alcohol— #»aldehyde.  Thus,  fructose  on  reduction  yields  a  mixture 
of  sorbitol  and  mannitol,  which  on  oxidation  form  respectively 
glucose  and  mannose.  The  polyhydric  alcohols,  it  should  be  added, 
can  be  purified  in  some  cases  by  Heunier*s  method,  which  consists 
in  combining  the  alcohol  with  benzaldehyde  and  thus  forming  a 
crystalline  benzylidene  deriyatiYe. 

11.  InversUm  of  Stereoisomeric  Aldoses.  This  has  been  effected 
by  Fischer  by  the  graduated  reduction  of  the  dibasic  acids.  Its 
significance  will  be  more  apparent  when  the  question  of  configuration 
is  considered.  It  will  be  clear,  however,  that,  if  the  four  asymmetric 
eturbon  atoms  present  in  glucose  have  different  values,  a  new 
stereoisomeric  sugar  will  be  formed  by  interchanging  the  end  oarbinol 
and  aldehyde  group. 


CHjOH 
♦  (0H0H)4 
CHO 


CHO 
•  (CH0H)4 


i 


HjjOH 


If  the  lactone  of  saccharic  acid  is  reduced  it  forms  first  the 
aldehyde  acid,  viz.  glycuronic  add,  then  gulonic  acid,  in  which  the 
original  aldehyde  becomes  a  carbinol  group  ;  if  the  lactone  of  gulonic 
acid  is  further  i*educed,  the  inverse  arrangement  of  carbinol  and 
aldehyde  is  finally  effected,  and  the  product  is  known  as  gulose. 


CHjjOH 

(CHOH). 
'I 
CHO 

Olneose. 


COOH 
fCH' 


COOH 


COOH 

I 


(CHOB)t  -*  (CH0H)4  -•  (CHOH) 


COOH 

Saccharic 
acid. 


I 
CHO 

Glycaronio 
acid. 


i 


CHO 

I 
(CH0H)4 


HiOH 

Gulonic 
acid. 


A 


HjOH 

Gulose. 


12.  IfUerconversion  of  Aldoses  and  Ketoses.   Lobry  de  Bruyn  and 


*  The  four  asymmetric  carbon  atoms. 


» 
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van  Ekensiein '  found  that  under  the  influenoe  of  alkalis,  alkaline 
earthfl,  sodium  acetate,  lead  oxide,  &c,  the  hexoses  are  slowly  trans- 
formed into  mizturea  of  their  isomers.  Each  of  the  hexoses,  glueose, 
fructose,  and  mannose,  forms  under  these  conditions  a  certain  pro- 
portion of  the  other  two,  together  with  certain  other  sugars,  e.  g.  glu- 
tose,  which  is  also  found  in  molasses.  Galactose  under  similar 
conditions  yields  talose  and  also  two  ketoees,  ^tagatoee  which  has 
been  identified  as  {-sorbose,  and  d-tagatoee  which  gives  the  same 
osazone  as  d-galactose.  ^Fructose  is  obtained  in  the  same  way  from 
ordinary  fructose.  The  explanation  of  these  changes  will  be  discussed 
later. 

The  following  is  a  short  account  of  the  principal  monosaccharoees. 

Biose.  Olycollic  aldehyde  is  the  only  biose.  Fiseher  origioally 
prepared  it  in  an  impure  state  by  the  action  of  cold  iMuyta  water 
on  bromacetaldehyde.  More  recently  Fenton '  has  obtained  it  in  the 
crystalline  form  by  heating  dihydroxymaleic  acid  wiUi  water  to  60^ 

C4H4OC  =  CgH^Oj  +  2CO2 

It  gives  the  general  reactions  of  the  sugars,  and  with  sodium  hy- 
droxide polymerises  to  a  tetrose. 

lHoaes.  A  mixture  of  glyceric  aldehyde  and  dihydroxyacetoue  was 
obtained  by  Fischer  and  Tafel  by  oxidising  glycerol  with  dilute  nitric 
add  or  with  bromine  and  sodium  carbonate.  It  forms  a  syrup 
which  polymerises  in  presence  of  sodium  hydroxide  solution,  yielding 
cf across  (see  p.  811).  Pure  glyceric  aldehyde  was  subsequently 
obtained  by  Wohl '  on  carefully  oxidising  acrolein-acetal  with  cold 
permanganate  and  then  hydrolysing. 

CHa  CH^OH  CHjOH 

CH  ->  CHOH  -♦  CHOH 

I  i  ' 

CHCOCaHg)^  CHCOCjHfi)^  CHO 

AeroIein-aoetaL  Glyoerio  aldehyde. 

Although  glycerose  contains  an  asymmetric  carbon  atom  and 
should  exist  in  two  enantiomorphous  formsi  no  optically  active 
substance  has  yet  been  isolated.  Glyceric  aldehyde  is  characterised 
by  the  formation  of  an  insoluble  crystalline  substance  with  phloro- 
glucinol  dissolved  in  hydrochloric  acid,  which  the  ketone  does  not 

1  Ben,  1895,  28,  8078;  Bee,  trav.  chink  Pays.  Nas.^  1900, 10,  1. 

*  TranB.  Chem.  Soc,  1894,  66,  899 ;  1895,  07,  48,  774  ;  1896,  69,  546 ;  1897,  71, 
875. 

*  B§r,f  1898, 81, 1796,  2894 ;  1900,  88,  8095. 
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give.  Dihydroxyaoeione  has  been  obtained  by  Piloty^  from 
f onnaldehyde  and  nitromethane  in  the  following  way.  Condensation 
of  three  molecules  of  aldehyde  with  one  of  nitromethane  is  first  effected: 

CKjOH  CH2OH 

HOHjC.C.NOa       ^      HOHaC.C.NH.OH   ^ 

CH2OH  CHaOH 

CHjOH  CHjOH 

C:NOH      »'+HiO     QQ 

CH2OH  CH4OH 

Garefiil  reduction  converts  the  nitro  compound  into  the  hydrozyl- 
amine  derivative,  and  subsequent  oxidation  with  mercuric  oxide 
yields  the  oxime  of  dihydroxyaoetone,  which  is  then  libera^  by 
oxidation  with  bromine  and  water.  The  ketone  is  also  obtained  by 
the  action  of  Bertrand's  soAose  bactermm  on  glycerol  (see  p.  299). 

Tetroses.  An  impure  product  was  originally  obtained  by  the 
oxidation  of  erythritol  (a  tetrahydric  alcohol  found  in  certain  lichens) 
land  also  by  the  polymerisation  of  glycollic  aldehyde.  Both  products 
W0ie  inactive.  More  recently  Wohl  and  Buff  have  been  successfid 
in.  obtaining  three  of  the  four  possible  active  forms  from  the  active 
pentoses.  Thus  the  tetrose  knoWn  as  Z-threose  was  obtained  by 
Wohl*  from  ^xylo8e,  and  I-erythrose  from  I-arabinosey  whilst  Buff' 
prepared  d-  and  ^erythrose  by  oxidation  of  d-  and  ^arabonic  acid.  All 
the  tetroses  yield  erythritols  on  reduction  and  mono-  and  di-basic 
acids  on  oxidation.  Whereas  the  tetroses  contain  two  Hiqi^milftr 
asymmetric  carbon  atoms,  and  can  therefore  form  two  pairs  of 
enantiomoiphs,  the  alcohols  and  dibasic  acids  (tartaric  acids),  which 
•contain  two  similar  asymmetric  carbon  atoms,  can  only  produce 
two  active  (racemic)  and  one  meso  form.  Natural  erythritol  repre- 
sents the  meso  form,  for  it  is  obtained  by  the  reduction  of  d-  and 
l-erythrose,  which  in  turn  3rield  mesotartaric  acid  on  oxidation, 
whilst  Oriner's^  erythritol,  which  he  prepared  from  butadiene  tetra- 
bromide,  is  the  racemic  modification.  The  following  table  represents 
these  relations ;  where  the  source  is  not  mentioned  it  implies  that  the 
substance  is  obtained  from  the  most  closely  related  product  by 
oxidation  or  reduction. 

1  Ber^  1897,  80,  8161.  >  Ber.,  1899,  82,  8666. 

*  Ber.,  1899,  89,  8672.  «  QmpL  rend.,  116,  728 ;  117,  668. 
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Telroaea. 


Tetritol.                   Aldo-tetrose. 

Tetronic  acid. 

Tartaric  acid. 

/        d-erythrose 

(f-orythroaio  acid 

{•erythritol 

(from  d-arabinoae) 

■ 

{•tartaric  aoid 

(natural) 

^erythro6e 

— 

,  (from  ^arabinoae) 

• 

d^rythritol 

— 

— 

tf-tartaiio  aoid 

(from  erythrulose) 

I-erythritol 

Z-threose 
(from  ^zyloee) 

I-tartarie  acid 

) 


In  addition  to  the  above  there  is  a  methyl  tetroae  which  has  been 
prepared  by  Wohl's  method  from  rhamnoae,  and  a  phenyl  tetroae 
which  Fischer  and  Stewart  ^  obtained  from  phenyltrihydrozybutyiie 
lactone  by  redaction. 

Fentosea.  The  pentoses  contain  three  asymmetric  carbon  atoms, 
and  can  therefore  exist  in  eight  stereoisomeric  forms.  Of  these  six 
are  known,  d-  and  {-arabinose*  I-ribose,  d-  and  Z-xylose,  and  d-lyxose. 
7-Arabinose  is  a  yegetable  product  and  was  first  obtained  in  1869  by 
Scheibler,  who  gave  it  the  formula  CeH220e  and  included  it  among  the 
glucoses.  Subsequently  Eliliani ',  by  a  careful  analysis  of  the  osazone, 
showed  conclusively  that  it  had  the  formula  C5H10O5  and  was 
a  pentose.  He  also  prepared  the  cyanhydrin,  and  by  hydrolysis, 
followed  by  reduction,  transformed  it  into  normal  caproic  acid,  a 
further  proof  of  the  correctness  of  his  analytical  results. 


CHjOH 
(CH0H)3 
OHO 

Arabinoee. 


CH2OH 

(0HOH)4 

ON 


CHjOH 
(OHOH)^ 
COOH 


OH 


3 


OOOH 

Caproic  acid. 


Arabinose  is  prepared  from  gum-arabic  and  certain  other  vegetable 
gums  by  boiling  with  dilate  sulphuric  acid,  precipitating  the  add 
with  lime,  filtering,  evaporating  to  diyness,  and  extracting  the  residue 
with  alcohoL  On  evaporation  of  the  alcohol,  arabinose  crystallises 
in  colourless  needles  which  are  strongly  dextrorotatory  in  solution. 
Arabinose  is  therefore  not  present  as  such  in  the  gum,  but  in 
a  higher  complex  known  as  a  pentosan,  which  probably  bears  the 
same  relation  to  arabinose  that  starch  does  to  glucose.  It  may  appear 
anomalous  to  denote  by  the  expression '  Z-arabinose '  ^  strongly  dextro- 


>  Ber.f  1892,  26,  2555. 


'  £er.,  1887,  80,  8S9. 
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rotatory  compound ;  but  it  must  be  remembered  that  the  terms  Lmyo 
and  dextro,  when  applied  to  the  sugarB,  have  lost  their  original 
meaning,  being  no  longer  used  to  indicate  optical  character  but  stereo- 
iflomeric  relations,  hx  accordance  with  a  suggestion  of  Fischer.  Since, 
as  we  shall  shortly  see,  ordinary  arabinose  is  directly  related  to 
2*gluco6e,  the  former,  in  spite  of  its  dextro-rotatory  character,  is  termed 
^arabinose.  The  optical  enantiomorph,  i^arabinose,  is  obtained  from 
grape  sugar  by  Wohl's  method. 

Ribose,  the  third  isomer,  is  prepared  by  the  reduction  of  ribonic 
lactone,  the  latter  being  obtained  by  inversion  from  I-arabonic  acid 
by  heating  with  pyridine  in  the  manner  already  indicated. 

I-arabinose  — »>  Z^urabonic  acid  —>  Z-ribonic  acid  — ♦  I-ribose. 

A  second  naturally  occurring  pentose  is  known  as  Z-zylose  and  was 
discovered  in  1886  by  F.  Koch.  It  is  isomeric  with  arabinose  and  is 
prepared  from  wood-gum,  a  substance  which  forms  part  of  the  woody 
oeU-wall  of  many  plants ;  d-xylose  is  obtained  by  Wohl's  method 
frt>m  d-gulose.  Lyxose,  the  sixth  isomer,  is  obtained  from  xylose  in 
precisely  the  same  manner  as  that  by  which  ribose  is  derived  from 
arabinose.  It  has  also  been  prepared  from  d-galactose  by  Wohl's 
method.  In  determining  the  configuration  of  the  sugars,  it  is  of 
fandamental  importance  to  remember  that  ribose  and  xylose  give 
different  but  inactive  trihydroxyglutaric  acids  on  oxidation,  whilst 
those  from  dr  and  Inarabinose  are  active. 

The  pentose  sugars  are  readily  distinguished  from  the  other  mono- 
saccharoses  by  boiling  with  strong  hydrochloric  add,  which  converts 
them  into  f  urf  urol.    The  change  may  be  represented  thus : 


HOiCH— CH  /OHi  CH— CH 

ii    i/T--^-;  II    II 

HCH     C/HjOHi.CHO     =     CH    C.CHO 

X./:::    \  \y 

OiH  O 

Pentose.  Furfdrol. 

Tollens'  reagent  (a  solution  of  phloroglucinol  or  orcinol  in  strong 
hydrochloric  acid,  producing,  on  warming,  a  deep  cherry-red  or 
violet  coloration  according  to  the  phenol  used)  is  a  useful  qualitative 
test  for  a  pentose. 

The  following  table  contains  a  list  of  the  known  pentoses  and 
substances  related  to  them. 
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Pientoses. 


PenUtol. 

Aldo-Pentoae. 

Pentonic  acid. 

• 

Trihydroxy-glutaxic 
acid. 

t-xylitol 

f       {-xylose 
(natural) 
d-xyloae 
(from  d-galoae) 

^X7lonio  acid 

t-trihydroxy-glu* 
taric  acid 
m.  p.  162' 

d-arabitol 

d-lyxose 

(from  2-xylonic 

acid  and  d-galac- 

d-Ijxonic  acid 

tose) 

d-arabitol 

d-arabinose 

d-arabonic  acid 

d-trihydroxy-glutaric 

(from  d-glucose) 

acid 
m.  p.  127* 

l-arabitol 

2-arabinose 

^arabonio  acid 

{-trihydroxy-gluiaric 

(natoral  and  from 

acid 

2-glucoBe) 

m.p.  127* 

i-adonitol 

I-ribose 

I-ribonic  acid 

t-trihydroxy-glafcaric 

(from  adonis  ver- 

(from  2-arabinoee) 

add 

nalis  (Merck)) 

tiL  p.  170-171* 

Several  methyl  pentoses  are  known  and  are  found  in  t&e  table  on 
p.  298.  They  include  rhamnosey  a  constituent  of  yarious  glucoaides 
(p.  299) ;  /ucose^  which  is  found  as  a  glucoside  in  seaweed ;  and  ciMnavaaef 
which  occurs  as  an  ethyl  glucoside  in  chinovite.  All  three  substances, 
on  heating  with  hydrochloric  acid,  are  conyerted  into  methyl  furfiiroL 

Hexoses.  The  properties  of  the  hexoses  are  included  in  the  general 
account  of  the  monosaccharoses  already  given.  They  differ,  however, 
from  the  majority  of  the  other  sugars  of  the  group  in  two  important 
respects.  When  boiled  with  dilute  mineral  acids  they  form  levulinic 
acid,  and  together  with  glycerose  and  manno>nonose  are  the  only 
sugars  which  undergo  fermentation  with  yeasi  The  subject  of 
fermentation  is  more  fully  discussed  on  p.  387. 

The  history  of  the  synthesis  of  the  hexoses  begins  with  an  observa- 
tion of  Butlerow  ^  in  the  jrear  1861.  He  found  that  by  the  addition 
of  lime-water  to  a  hot  solution  of  trioxymethj^ene  (a  solid  substance 
produced  by  the  polymerisation  of  formaldehyde)  meOK^lemtan  is 
formed,  which  is  described  as  a  sweet  yellow  S3rrup,  giving  the 
ordinary  reactions  for  sugar,  but  optically  inactive  and  incapable  of 
fermentation.  A  considerable  advance  was  made  when  Loew*  dis- 
covered that  formaldehyde  and  lime-water  at  the  ordinary  tempera- 
ture yield  a  sweet  syrup  of  the  formula  CoHi20e,  which  he  termed 
formose ;  but  this  also  was  unfermentable.  A  special  interest  attaches 
to  this  reaction,  since  it  gave  substantial  support  to  a  theory  advanced 

^  Annalm,  1861, 120,  295 ;  CompL  iwuf.,  1861,  63, 145. 
>  J.  prakt.  Oknn,^  1886,  88,  821. 
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by  Badyer/  that  the  carbon  dioxide,  assiinilated  by  the  plant  as  starch 
or  sugar,  may  pass  through  the  stage  of  formaldehyde.  Shortly 
afterwards  Loew'  modified  his  method  by  replacing  the  lime  by 
magnesia,  and  obtained  a  syrup  which  underwent  fermentation.  The 
new  product  was  called  methoae.  All  three  substances  appear  from 
Fischer's  subsequent  investigations  to  be  complex  mixtures  containing 
a-aorose  which  Fischer  and  Tafel '  had  meantime  obtained  in  a  state 
of  purity  by  entirely  different  methods. 

By  the  action  of  baryta  on  acrolein  bromide  a  mixture  was  obtained 
fiewQ  which  two  sugars,  named  a-  and  j3-acrose,  were  isolated  in  the 
form  of  their  osazones, 

2C3H40Bra  +  2Ba(OH)2  -  CflHijOe  +  2BaBr8 

This  method  was  afterwards  modified  by   substituting  glycerose 

(obtained  from  glycerol  by  oxidation  (p.  299)),  which,  under  the  action 

of  dilute  alkali,  polymerises.*    The  product  is  a  syrup  from  which 

a-acrose  can  be  separated  in  the  form  of  the  crystalline  osazone. 

a^Acrose  was  subsequently  identified  as  inactive  fructose,  and  the 

reaction  was  explained  by  Fischer  as  taking  place  in  the  following 

way: 

CH2OH      CHoOH       CHjOH  CHoOH 

I        I        I      I 
CHOH  +  CO    -  CHOH  CO 

CHO    CHjOH   CHOH— CHOH 

^-  - 

Qlyoerose.  Fructose. 

As,  according  to  WohP,  little,  if  any,  glyceric  aldehyde  is  present  in 
Fischer's  glycerose,  which  consists,  therefore,  almost  wholly  of  dihy- 
droxyacetone,  the  action  of  the  alkali  must  produce  intramolecular 
change  in  the  ketone.  The  process  by  which  a  ketose  is  transformed 
into  an  aldose  is  quite  consistent  with  observations  of  Lobry  de  Bruyn, 
who  noticed  that  any  one  of  the  sugars,  fructose,  glucose  or  mannose, 
forms  imder  the  influence  of  an  alkali  an  equilibrium  mixture  of  the 
three  (see  p.  882).  The  a-acrosazone,  which  was  separated  from 
Fisch^'s  product^  and  closely  resembled  glucosazone,  was  converted 
into  the  osone  and  finally  into  the  pure  ketose.  The  latter  proved 
to  be  the  inactive  form  of  fructose.  By  partial  fermentation  with 
yeast  the  dextro-enantiomorph  or  ordinary  fructose  is  consumed,  and 
laevo  fructose  remains  and  may  be  separated.  On  reduction  of 
inactive  fructose,  inactive  mannitol  is  formed  which,  on  oxidation, 

»  Ber.,  1870,  8,  67.  «  Ber.,  1889,  22,  475. 

>  Ber.y  1887,  20,  1098,  2666.        *  Ber.^  1887,  20,  8884. 

*  Bar.,  1900,  88,  8095. 
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yields  inaethre  tnannniift  and  inaeiivB  nuumonie  add.    The  latter 
be  sepanied  into  the  optical  enantiomoipha  by  fcartianal  ciyBtallnft- 
tlon  of  the  strychnine  or  morphine  salta    Thus  a  d-  and  t-mannoiiic 
add  ate  prodoeed,  each  of  which  ondeqgoes  nudeenkr  diange  on 
heating  with  pyridine^  being  transformed  leqpeetrrdy  into  d'  and  2- 
glneonic  acid    The  bietones  of  all  the  four  adds  can,  <m  the  one  hand, 
be  reduced  to  the  corresponding  sogars  or,  on  the  other,  oridwed  to 
the  dibadc  saccharic  acids.  In  this  way  two  mannoiws,  two  glaoosee;, 
and  foor  saccharic  adds  were  prepared  artificially  by  Emil  Fischeir. 
Natural  fructose,  although  laero-rotatory,  is  d-fructose,  since  it  u 
related  to  d^lucose ;  for  both  c2-glucoee  and  ordinary  firuit  sugar  yield 
the  same  (^glucosazone,  and  the  hdter  can  be  conyerted  through  the 
osone  into  ordinary  fructose  (p.  804).    The  same  ligluoosazone  is 
also  giyen  by  c2-manno8e,  which  consequently  may  be  likewise 
converted  into  ordinary  fruciosa 

This  close  relationship  between  the  three  natural  sugars,  d-gluooee^ 
d-fructose  and  d-mannoee,  has  a  peculiar  interest  from  the  fact  of  their 
occurrence  dde  by  side  in  nature  as  well  as  from  their  stereochemical 
connection,  which  will  be  discussed  presently.  The  tabulated  scheme 
on  p.  818  represents  the  yarious  synthetic  steps  described  aboye. 
The  sugars  are  in  thick  type. 

In  addition  to  the  two  glucoses  and  two  mannoses,  eight  other  stereo- 
isomeric  aldoses  are  known,  together  with  their  reduction  and  oxida- 
tion products  and  numerous  other  deriyatiyes.  They  haye  been 
obtained  as  follows : 

d-,  TrCMIose  were  prepared  by  the  inyersion  of  d-  and  ^gIuco6e  by 
oxidation  to  the  saccharic  acids  and  subsequent  reduction  as  described 
on  p.  806. 

d-f  Irldose  were  obtained  from  d-  and  ^gulonic  acid,  which,  by  in* 
yersion  with  pyridine,  yield  the  corresponding  d-  and  Mdonic  adds. 
Mdonic  add  can  also  be  obtained  with  ^guIonic  acid  from  {-xylose^ 
which  forms  the  stereoisomeric  cyanhydrins  (see  p.  815). 

d-,  t-Oaiactose.  If  natural  or  ({-galactose  from  milk-sugar  is  oxidised, 
it  yields  meso-mucic  add.  If  the  lactone  of  the  latter  is  reduced, 
monobadc  galactonic  acid  is  formed,  which  is  raoemic  and  can  be 
resolyed  into  its  enantiomorpbs  by  the  aid  of  the  strychnine  salt 

Each  of  the  active  galactonic  acids  yields  an  active  galactose  on 
reduction. 

d-,  l-Tahse.  D-  and  2-galactonic  acid  are  converted  by  inversion 
with  pyridine  into  d-  and  Z-talonic  acid,  which  on  reduction  give 
d-  and  Z-talose.  Each  of  these  sugars  gives  a  talomudc  acid  on 
oxidation.    The  laevo  acid  has  also  been  obtained  by  the  oxidation 
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of  /9-iliaiimohexoiiic  acid  (p.  824).  Allomueie  acid,  which  is  not  yel 
repreeented  by  any  sugars,  was  prepared  firom  mucic  acid  by  invoraion 
with  pyridine. 

The  foUowing  table  contains  a  list  of  hexosee  and  related  com- 
pounda 

Aldo4^exo8e8. 


HflTitol. 

Aldo-hexoae. 

Hexonie  acid. 

Tetroxyadipie  add. 

<^,  Miannitol 
d-,  Mditol 

d-,  ^49orbitoI 

i-DolcitoI 
<^,  2.TaUtol 

d-,  Mfannoae 
d-,  Mdoee 
( d-j  ^01uoose 
( d;  MJnloae 

d'f  Mlannonic  acid 
d;  Mdonio  acid 
d-f  I-Glaoonic  acid   ) 
d-,  UQvlonic  add     ( 
d'f  I-Galactonio  acid 
d-,  l-Talonic  acid 

d-,  Mfanno-aaeeharie  add 
d-,  Mdo-saochario  add 

d-y  l-Saeeharic  add 

t-Mucic  add 

d-,  {-Talomadc  acid 

i-Allomudc  acid 

d-Mannitol ) 
d-Sorbitol   { 

d-SorbitoI 


d-Fhictoae 

({-Fnictofle 
d-,  ^Sorbose 
d-Tagato6e 


Keto-hexoaes. 


The  following  tables  represent  the  synthesis  of  the  higher  from,  the 
lower  sugars  by  Fischer's  cyanhydrin  method. 


^Arabinoae 

Miannose      ^Giuoo86 

I 
Mfannoheptoee 


<-Xylo8e 
Mdoao     2-Galoee 


d-Mannose 

i 

d-Hanno-heptose 

I 

Manno-ootose 

i 

Hanno-nonoae 


.     d-Glucose  d-Galadose 

o^Gluco-heptoae    ^•Oluco-heptoae  a-Gala-heptoae     /S-Gala- 

o^IuecMwtoae       jS-OIooo-octooe  Oala-ootJMe 
Olaoo-nono06 


lieptoa» 


Rhamnose 

a-Rhamno-hexose 

Rhamno-heptoae 

Rhamno-octose 
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The  BUgaiB  obtained  by  the  degradation  methods  of  Wohl  and 
Ruff  are  represented  as  follows : 


d-Olnoose 
ii-Arabino8e 
d-ErythroM 


I-01uoo8e 

I 
^Arabino8e 

Z'Erythroee 


^Xylo8e 
^Threose 


Rhamaose 
Bhamno-tetroBe 


Ckmfigiivfttion  of  the  Aldo-Hezo«es.^  Before  attempting  to  ascer- 
tain  the  spaee  configuration  of  the  large  number  of  sugars  which  have 
been  mentioned,  it  will  be  necessary  to  consider  carefully  the  relation 
in  which  they  stand  to  one  another.  This  mutual  relationship  will 
be  readily  understood  by  reference  to  the  tables  given  below.  In  the 
one  the  starting-point  is  arabinose,  which  is  known  in  both  laevo  and 
dextro  forms.  From  the  laevo  compound  a  set  of  laevo  derivatives 
would  result,  whilst  the  dextro  compound  would  produce  dextro 
derivatives.  In  the  second  scheme  xylose  forms  the  starting-point. 
In  both  cases  the  laevo  compound  alone  has  been  employed. 


{-Ambitol 


^Arabi]lOfle 


* 

2  CyanhydriiiB 


i 


l-Gluoonio  acid       i>lfanDonio  acid 


Z-Trihydrozyglntaric  acid 

* 

I-Arabonio  acid 

I-Ribonic  add 

I 

I-Bibose 


/      \  /        \ 

{-Oluoofle     2-Saooharic     I-Mannoee     I-Maimo-saccharic     t-Trihydroxyglutario 

acid  acid  acid 

m.|>.  170-17X* 


I-Xylifcol        ^       I-Zylofle 


i-Trihydroxyglntario  acid 
m.  p.  152^ 


f 


i 

2Cyanhydri&8 


Mdomc  acid 
l-Guloae       2-Saoehario  acid       Mdose       I-Ido-saccbaric  acid 


Mnlonic  acid 


2-Xylonic  acid 

▼ 
d-Lyzonic  acid 

d-Lvxoae 
d-Galacto8e 


If  it  were  possible  to  prepare  glycollic  aldehyde  in  quantity  and 
build  up  the  sugars  in  successive  stages  from  it,  by  means  of  the 
cyanhydrin  reaction,  all  the  stereoisomers  would  probably  be  obtained 
and  their  configuration  could  be  determined  without  difiSculty.  Let 
us  attempt  an  imaginary  scheme  of  this  kind,  adopting  Meyer  and 


1  £.  Fischer,  Bar,,  1894, 27, 8208 ;  Le?nrbuch  der  StgnochmnU,  p.  90,  by  A.  Werner. 
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Jaoobson's  plan  of  representing  the  space  arrangement  of  the  isomeric 
aldoses  by  projection  formulae  (see  p.  78).  If  we  further  ^^^MWTna 
that  the  aldehyde  group  is  always  at  the  bottom  and  the  primary 
carbinol  group  at  the  top,  we  can  omit  these  two  groups,  and  merely 
represent  the  asymmetric  carbon  atoms  with  their  hydrozyl  and 
hydrogen  appendages,  the  formulae  being  further  simplified  by 
denoting  the  asymmetric  carbons  by  cross  lines.^ 

Starting  with  glycollic  aldehyde  and  conyerting  this,  by  the 
imaginary  process  referred  to,  into  the  next  higher  sugar,  two  stereo- 
isomeric  trioses  will  be  obtained,  since  one  asymmetric  carbon  is 
present,  which  may  be  denoted  thus: 


OH- 


H 


H 


OH 


These  will  be  optical  enantiomorphs  and  form  together  an  inactive 
or  racemic  combination.  Each  triose  will  yield  two  derivatiYes 
forming  four  tetroses,  according  to  the  general  formula  2*^  where  n  is 
the  number  of  asymmetric  carbon  atoms  (p.  88).  They  may  be 
represented  by  adding  on  OH  and  H  in  inverse  order  below  the  first 
two  groups  in  the  trioses. 


OH- 
OH- 


H       OH- 


H 


H 


H 
OH 


H- 
OH- 


■OH     H- 
H       H- 


-OH 
■OH 


12  3  4 

These  four  stereoisomers  form  two  pair  of  optical  enantiomorphs, 
namely,  1  and  4  and  2  and  8.  Suppose  now  that  the  end  groups  in 
these  compoimds,  instead  of  being  different^  are  made  identical,  either 
by  reduction  to  the  corresponding  alcohol,  or  by  oxidation  to  the  dibasic 
acid ;  the  stereoisomers  1  and  4  become  identical  and  represent  the 
inactive  meso  variety.  This  is  easily  seen  by  revolving  one  of  the 
two  through  180°  in  the  plane  of  the  paper.  The  number  of  stereo- 
isomers is  now  reduced  to  three  according  to  the  formula. 


2^    (2' 


+  1), 


which  is  the  general  expression  for  the  number  of  stereoisomers  in 
a  symmetrical  molecule  containing  an  even  number  of  asymmetric 
carbon  atoms.    Thus,  there  are  three  tartaric  acids  and  three  ery- 

^  Some  chemists  prefer  to  denote  the  poBition  of  the  hydroxyl  on  the  rig^t  or 
left  by  +  or  — .  T^is  system  has  not  necessarily  any  reference  to  the  optical 
character  of  the  substance. 
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tluitols,  two  being  active  enantiomorphs  and  the  other  an  inactive 
xneso  eompoond.  All  these  substances  are  known  and  are  given  in 
the  table  on  p.  808.  It  follows  from  what  has  been  said  that  d-  and 
I-eiythrose  correspond  to  configurations  1  and  4,  since  they  yield 
•tM-erythritol  and  m»-tartanlo  add  on  reduction  and  oxidation,  whilst 
l-threose  corresponds  to  the  configuration  2  or  8.  Since  it  is  impos- 
sible to  ascertain  which  of  the  two  configurations  represents  the 
actual  grouping  in  I-threose,  it  is  custonuuyto  make  an  arbitrary 
choice  in  the  case  of  d-  and  2-glucose  and  to  derive  all  the  other  con- 
figurations from  them.  We  must  therefore  first  ascertain  the 
configuration  of  these  sugars.  Continuing  the  process  of  imaginary 
iqrnthesis,  the  four  tetroses  will  each  yield  a  pair  of  pentoses^  making 
eight  stereoisomers. 


OH- 
OH- 


OH- 


■H       OH 
-H      OH 


-H 


H- 


H 
-H 
OH 


OH 

H 

OH 


8 


-H       OH 
■OH       H 


-H 


H 


-H 
OH 


•OH 


H- 
OH 
OH- 


■OH      H 


■H 


OH- 
H- 


6 


OH 
H 


-OH 


H- 
OH 


OH       H- 
-OH       H- 


■H 


H 


8 


OH 


•OH 


•OH 


The  optical  enantiomoiphs  will  be  1,  8 ;  2,  7 ;  8,  6 ;  4,  6.  We 
will  now  follow  the  same  line  of  inquiry  pursued  in  the  case  of  the 
tetroses  and  suppose  the  end  groups  (by  reduction  to  pentitols  or 
by  oxidation  to  trihydroxyglutaric  acids)  to  become  identical.  The 
number  of  stereoisomers  is  now  reduced  to  four ;  for  1  =  8 ;  2  ■•  4 ; 
8  at  6 ;  5  Bt  7.  Which  of  these  four  j^fH  are  active  and  which 
meso?  It  is  now  evident  that  with  two  similar  end  groups  the 
middle  carbon  atom  is  no  longer  asymmetric  in  the  usual  meaning 
of  the  term.  The  activity  is  therefore  determined  by  the  two  outer 
asymmetric  carbon  atoms.  It  follows  that  1,  8  and  8,  6  are  meso, 
and  2,  7  and  4,  6  are  active  forms  when  the  end  carbon  groups  are 
the  same.  We  are  now  in  a  position  to  assign  configurations  to  the 
six  pentoses  which  have  been  described. 
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If  we  refer  to  the  tables  on  p.  815,  we  notice  that  two  of  the 
pentoses,  ^xylo8e  and  {-ribose^give  inactive  trihydroxyglutaric  adds  on 
oxidation.  They  will  therefore  be  represented  by  one  from  each  pair 
of  the  configurations  1,  8  and  8,  6.  But  {-xylose  has  been  conyeirtod 
into  two  active  saccharic  adds,  2-saccharic  and  ^ido-saocharic  acid 
(see  table,  p.  815).  The  configuration  of  2-xylose  cannot  therefbie 
be  represented  by  1,  8,  since  either  enantiomorph  would  yield  one 
inactive,  intemaUy  compensated  saccharic  acid. 


> 


OH- 
OH- 
OH- 


COOH 


OH- 


OH- 
OH 
OH- 


■H 
-H 
-H 
H 


COOH 
Hem  fomt. 


H 
H 
•H 


\ 

COOH 

OH H 


OH- 
OH- 


H 


H- 


-OH 


COOH 

Active  form. 


Consequently  i-  and  {-xylose  will  be  8,  6  and  I-riboee  will  be  1  or  & 
The  same  process  of  reasoning  may  be  applied  to  arabinose  and  lyxoae, 
which  give  active  dibasic  acids,  and  therefore  have  configurations  2, 7 
and  8, 6.  It  can  be  shown  that  one  of  the  pair  of  saccharic  aeids 
derived  from  the  4,  6  configuration  is  a  meso  acid  and  cannot  them* 
fore  represent  arabinose^  which  gives  two  active  saccharic  adds.  As 
ribose  is  obtained  from  arabinose  by  the  interchange  of  the  hydrogen 
and  hydroxyl  attached  to  bottom  carBon  atoms,  d>  and  {-arabinose 
will  have  the  configurations  2,  7.  Lyxose,  which  is  derived  in  the 
same  way  from  xylose^  will  represent  the  fourth  pair,  4,  6.  As  both 
Z-arabinose  and  {-xylose  are  directly  connected  with  {-g^ucose^  the 
arbitrary  configuration  assigned  to  tiie  latter  (p..  821)  will  deteimiae 
that  of  the  two  former  as  well  as  of  all  the  other  pentoses. 
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Tlie  configurations  of  the  pentoses  will  stand  as  follows : 


OH- 


H- 


"H 


d-Arabinoad. 


H- 


H- 


OH    OH- 


-OH 
■OH 


-H 


Z-Ai-abinose* 


OH- 
OH- 
OH- 


■H 
H 
■H 


:h- 

H- 
H- 


OH 
OH 
-OH 


2-Bibose. 


H- 


OH- 


-OH    OH- 


d-Xylose. 


H         H- 
■OH    OH 


■H 


-OH 


H 


^-Xylose. 


OH- 
H- 
H- 


-H 


(2-Lyxo8e. 


H- 


OH    OH 


OH    OH- 


■OH 


-H 
H 


Each  pentose  will  furnish  two  hexoses,  making  altogether  sixteen 
stetreoiaozners.  They  may  for  conyenience  be  divided  into  two  groups 
of  eight,  known  respectiyely  as  the  mannitol  and  dulcitol  group. 
In  appending  the  names  in  the  following  table,  we  have  anticipated 
the  discussion  of  their  configuration  with  the  object  of  economizing 
space.  The  names  of  the  dibasic  acids  are  placed  below  the  sugar  or 
sugars  from  which  they  are  derived  for  purposes  of  reference.  It 
will  be  noticed  that  in  the  mannitol  group  the  middle  pair  of 
asymmetric  groups  are  diagonally  situated ;  in  the  dulcitol  group 
they  are  symmetrically  arranged. 


Mannitol  Oroup. 


OH — 

OH— 

H— 

H— 


H — 


— H 


H- 


—OH    OH- 


—OH    OH- 


—OH 


-OH 


H 


d-Hannose 


I-Mannose 


li-Hanno- 

aacohario 

acid 


2-lCanno- 

sacchario 

acid 


a 


H- 
OH. 


OH-— 


-OH    OH— 
-H         H— 
.OH    OH— 
— H        H— 


— OH 
— H 
—OH 


(i-Idose 


Mdoae 


d-Ido- 

sacchario 

acid 


Mdo- 

saeohario 

aoid 
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OH- 

OH 
H- 


OH — 


OH 
-H 


d-GIncoee 


6 


OH- 


H — 


cI-Giiloae 


-OH 


-OH 


d-Saooharic  acid 


8 


OH- 


-OH    OH 


-OH 


OH- 


■OH    OH- 


•OH 


^Glnooae 


l-0iil<Me 


l-Saoeharie  acid 


t 


^vm. 


Dulcitol  Oroup. 


9 


10 


OH — 
H— 
H— 

OH — 


— H  H — 
— OH  OH — 
— OH  OH — 
— H         H— 


— OH 

OH 

H 

OH 

— H 

OH 

—OH 

OH 

d-Galactose 


{-Galactose 


t-Mucic  acid 


11 

— H 
— H 
— H 
— H 


12 


H- 
H- 
H- 
H- 


f-Allomucio  aeid 


18 


14 


OH — 


H 


H- 


— H      OH — 


^H    OH- 


— OH    OH- 


^H 


-H 


— H 


■OH 


<i-Talose 


<f-Talomuoic  acid 


15 


16 


OH- 


OH — 


OH- 


— OH       H OH 


— H 


OH- 


^Talo8e 


{-Talomueio  add 


^H 


-OH 


-OH 


OH 


■OH 


■OH 


The  configurations  of  the  pentoses  furnish  a  basis  for  that  of  the 
hexoses.  As  d-  and  I-glucose  can  be  converted  by  Wohl's  method 
into  dr  and  I-arabinose^  the  configurations  of  the  three  upper  asym- 
metric carbon  atoms  of  the  glucoses  is  given. 
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OH- 


OH- 
H 


■H 
-H 


H- 
H- 


■OH        OH- 


OH 
-OH 


— H 


d;  {•▲nbinose. 


The  same  partial  structure  must  be  assigned  to  the  mannosefl^  seeing 
that  I«i*bino6e  has  been  transformed  into  a  mixture  of  {•nutnnose 
and  ^glnoose  (p.  816). 

For  similar  reasons  the  idoses  and  gulosee  are  related  to  A-  and 
7-xyIoae  and  eonsequently  contain  the  grouping : 


OH 
H 


OH— 


-H 


H 


■OH        OH 


H 


H- 


OH 


OH 


d-,  t-XyloM. 


Now,  as  the  guloses  are  obtained  from  the  glucoses  by  inyecsion  of 
aldehyde  and  primary  carbinol  groups,  the  three  upper  asymmetric 
groups  in  guloae  will  represent  the  three  lower  asymmetric  groups 
in  glucose.  Consequently,  by  combining  the  xylose  and  arabinose 
formulae  we  obtain  the  glucoses  and  the  guloses. 


OH- 

OH 

H- 

OH 


H 
H 


H 
H 


OH    OH- 


H 


■OH 


OH 
H 


■OH 


d-OInoooe. 


{-Olnoooe. 


OH- 


H 


H- 


OH    OH- 


~H 


H 
OH 


-OH    OH- 


■H 
OH 


■H 
■H 


d-Gulose. 


Z-Gnloee. 


mjie  first  formula  is  arbitrarily  assigned  to  d^qcoae-aiid  the  others 
Q$2&S§3uent]y  follow.  The  configuration  of  the  upper  three  carbon  atoms 
will  also  enable  similar  distinctions  to  be  drawn  between  the  dextro 
and  laevo  enantiomorphs  of  arabinose  and  xylose.  As  both  2-glucose 
and  ^mannose  are  obtained  by  the  cyanhydrin  synthesis  from  {-arabi- 
nose,  as  moreover  they  both  yield  the  same  osazone,  and  as  mannonic 
acid  is  partly  converted  into  gluconic  acid  by  inversiony  the  only 
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differenoe  in  tiieir  oonfigurations  must  relate  to  the  bottom  asym- 
metric  carbon  atom.  The  same  differenoe  exists  between  the  idosas 
and  guloees.  The  mannoses  and  idoaes  will  consequently  have  the 
following  struotuie : 


OH- 


OH- 
H 


H 


H 
H 


H- 
H- 


OH    OH- 


OH    OH- 


<m 


^H 
-H 


H 


d-Mtmnfltft. 


l-Mannoae. 


H 

OH- 

H- 


OH 


OH  OH 
H  H 
OH    OH- 


-H 


H- 


OH 


H 


OH 


d-Idoae. 


l-lioae. 


The  dbove  configurations  are  confirmed  by  the  following  observa- 
tions. It  will  be  seen  on  reference  to  the  eig^t  configurations  of  the 
mannitol  group  (p.  819)  that,  whilst  each  of  the  first  four  shoidd  yield 
a  different  saccharic  add  on  oxidation,  the  second  four  require  only 
one  saccharic  acid  for  each  pair  of  stereoisomers,  and  this  strictly 
theoretical  deduction  stands  in  complete  harmony  with  the  heta. 
The  configurations  of  the  galactoses  and  taloses  are  determined  as 
follows :  as  the  galactoses  give  on  oxidation  the  same  inactive,  or 
meeo>mucic  acid,  their  configuration  is  limited  to  the  first  two  pairs 
of  stereoisomers  (9-12)  of  the  duldtol  group.  But  ((galaotose  has 
been  transformed  into  d-lyxose^  and  the  latter  can  only  differ  from 
xylose  in  the  configurations  of  the  bottom  asymmetric  group.  Con- 
sequently lyxose  and  galactose  will  have  the  following  configura- 
tions: 


OH- 
H- 
H 


-H       OH- 
OH       H- 


OH       H 


OH- 


H 


-OH 
-H 


Ab  d-  ftnd  I-talcae  are  obtained  by  inTersion  from  d-  and  f-galactoee, 

the  configuration  of  the  last  two  members  of  the  hexoee  group  is 
known* 

■ 

Oottflgweatlott  of  the  Ztto-SezoMs.    The  configuration  of  the 
aldo-hexoses  being  knowni  that  of  the  keto-hezoeea  is  readily  aaoer- 
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tained.  Thus  <miuooee  has  been  transformed  into  d-frootose,  and 
they  both  yield  the  same  gluooeazone.  It  follows  that  the  three 
asjrmmetric  groaps  of  d-fruotose  and  (^glucose  are  idoitioaL 

OHjOH  CHgOH 


OH- 

OH- 

H- 


H 


H- 
H- 


OH     OH- 


CO 


OH 
OH 


H 


(^ 


SB2OH 
d-Fmetoae. 


CO 

I 

CHjOH 

2-Fmetote. 


As  d-Borboae  is  obtained  by  oxidising  d^orbitol,  which  is  the  alcohol 
coneapohding  to  (^glucoae,  the  configuration  of  the  three  lower 
asymmetric  groups  in  d^orbose  must  be  that  of  d-glucose.. 


OH- 
H- 


CHjOH 


H 


OH- 


H- 


CHgOH 
CO 


OH 


-OH      OH- 


•H 


H- 


CHjOH 

d-Sorboae. 


-H 
OH 


CH,OH 

{•SorboM. 


This  is  confirmed  by  the  identity  of  the  osazone  of  (sorbose  (^taga- 
toee)  with  those  of  (golose  and  I-idose. 

Conflffaratioii  of  fh*  '■■fc^^wtno**  gtovp.  Bbamnose  grves,  on 
oxidation,  the  same  {-trihydroxyglutaric  add  as  that  deilTed  from 
l«!abinose.    It  therefore  contains  the  complex : 


H 

H- 

OH 


■OH 


OH 
H 


•Rhuippono  is  therefore  represented  by  one  of  the  following  forms,  on 

Ta 
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the  assumption  tiutthe  msttiyl  group  is  remored,  and  the  temainiiy 
two  end  groaps  conTerted  into  eaiboxyl : 


CHO 


H 
OH 


^H 


OH 


H 


H 
H 


CHOH   OH 

I 
CH, 


CHj 
CHOH 


■OH 


OH 


H 


CHO 


Now  rhanmoee  yields  by  the  cyanhydrin  reaction  two,  a-  and  /}> 
rliamnohexonie  acids,  one  of  which  gives  mucic  and  the  other  Mab- 
mneie  acid  on  oxidation.  The  riuunnohexonic  adds  will  conseqaentiy 
be  represented  by  two  of  the  following  pairs  of  oonfigoratiMis,  om 
being  derived  from  the  first  and  the  other  firom  the  second  of  the 
above  formulae  for  rhamnos& 


H 
H 
H 


OH 


COOH 


•OH    OH- 


OH      H 


■OH 


H      OH 


CHOH 
CH, 


COOH 


OH 
■OH 


H 


CHOH 
CH, 


H 

H- 

OH 

OH 


CH, 

I     ' 
CHOH 


■OH      H 


OH      H- 


H      OH- 


— H 


COOH 

8 


H 


CH3 

I 

CHOH 


OH 


OH 


OH 


COOH 

4 


It  is  obvious  that  the  rhamnohezonic  acids  cannot  be  represented 
by  8  and  4,  since  the  configuration  of  these  two  compounds  belongs  to 
members  of  the  mannitol  group  which  are  already  known.  Therefore, 
as  mucic  add  is  an  inactive  meso  compound,  the  rhamn<diezonic  add 
corresponding  will  be  represented  by  2,  whilst  the  second  rhamno- 
hezonic add  which  gives  I-talomudc  acid  has  the  configuration  1. 
Bhamnose  is  therefore  represented  by  the  first  of  the  two  configun- 
tions  given  above,  the  proof  <^  which  incidentally  detennines  that  of 
galactose  and  I-taloee  (which  correspond  to  mucic  and  Z-talomudc  add) 
and  partially  that  of  the  other  rfaamnose  derivatives. 
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H- 


CH3 
CHOH 


OH 


OH- 
OH 


H 
H 


CHO 
Bhanmoee. 

Balative  Canflganiitiom  of  fh*  Turtaxio  Aeids.  The  reUtion  of 
the  d-  and  l-tartario  acids  to  the  glucoees  c(ui  be  readily  ascertained 
through  I-threoee,  which,  on  the  one  hand,  gives  ttartaric  acid  by 
oxidation,  and,  on  the  other,  is  derived  from  {-xylose  and  2-gIucoee 
(p.  808). 


OH 
H- 


OH 
OH 


H  OH 

OH  H- 

H  OH 
H 


H       OH 
OH       H 


H 


•H 


H 


OH    OH 


OH 
H 


{-Quloae. 


{•Xylose. 


i-ThreoM  and 
{-Tartaric  acid. 


<{-Ttortaric  acid. 


The  configuration  of  ci-tartario  acid  may  also  be  derived  from  that 
of  rhiunnose,  since  Fischer  has  shown  that  rhamnose  may  be  converted 
by  Wohl's  method  into  methyl  tetrose,  which  yields  <^tartaric  acid  on 
oxidation. 

CH3  CH3 

I  I 

CHOH  CHOH  COOH 


H- 
OH 


OH 


OH      H- 
H       OH 


OH       H- 


H      OH 


OH 


-H 


H 


CHO 


COOH 


CHO 
Rhamnoae.         Rhamno-tetroae.       Tartaric  acid. 

Vamsutetioii  of  tlM  Monowtcoharow.  Pasteur  was  the  first 
to  show  that  a  solution  of  raoemie  acid  becomes  laevo-rotatoiy  in 
pi«8ence  of  peHieiUhim,  owing  to  the  destruction  of  the  dextro- 
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tartaric  acid  by  the  ftingus — an  obeeryation  which  has  been  fit- 
quently  utiUzed  in  the  attempt  to  isolate  one  of  the  optial 
enantiomorphs  from  an  inactive  miztoie  (p.  76).  Fischer  hai 
shown  that  this  sekotiye  action  is  exhibited  in  s  very  iir»*A*«l 
d^;ree  by  the  beer  yeasts  in  producing  fermentation  of  caibo- 
hydrates.  Of  the  twelve  known  aldo-hexoses  only  the  three  natmai 
sugars  are  fermentable,  viz.,  (^glucose,  d-mannose,  and  <I-ga]aeta6& 
and  of  the  keto-hezoses  only  d-fructose  is  decomposed.  All  the 
yeasts  susceptible  of  inducing  fermentation  transform  <{-gIacose. 
<^mannose,  and  d-fructose,  with  almost  equal  velociiy,  but  the  action 
of  yeast  on  d-galactose  is  slower,  and  certain  species — M«cftanMNfe8 
apiadalus,  and  pmdtictitma — are  totally  without  action  upon  it.  A 
comparison  of  the  configuration  of  these  four  sugars  exhibits  the 
differences  of  molecuUr  grouping. 

CHjOH  CILjOH  CHjOH  CHjOH 


OH 

OH- 

H 

OH 


•H      OH- 
■H       OH- 


OH       H- 


H 


H 


GHO 
<f-01aeoM. 


H       OH- 


-H 


H- 


OH       H- 


OH    OH- 


GHO 
((.UanniMe. 


•H       OH- 


-OH    OH- 


■OH      H- 


H 


-H 
H 


-OH 


GHO 

<i-0«laoto6e. 


CO 

I 

GH,OH 

d-Fmetoae. 


In  glucose,  mannose,  and  fioictoae,  the  grouping  of  the  H  and 
OH  round  the  three  upper  asymmetric  carbon  atoms  is  the  tuna, 
but  differs  from  that  in  galactose,  a  fact  which  may  account  tat 
the  slow  fisrmentative  action  of  the  latter.  The  other  hexoses  axe 
not  fermentable.  The  small  difference  in  configuration  which 
suffices  to  arrest  the  action  is  seen  in  the  case  of  d-talose,  which 
only  differs  from  d-galaetose  by  the  position  of  one  hydroxyl  group. 

GHjOH 


OH- 
H- 


H- 


-H 


H- 


— OH 
— OH 


«H 


GHO 

((•Tkloae. 
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Of  the  other  monosaecharoses  only  glycerose  and  manno-nonoee, 
that  is,  sugais  with  three,  or  a  multiple  of  three,  carbon  atoms  are 
known  to  ondeigo  fennentation.  This  curious  selective  action  of 
the  organism  is  repeated  in  the  case  of  the  polyhydrio  alcohols. 
Bertrand,'  in  his  brilliant  investigation  on  the  sorbose  bacterium, 
has  shown  that  the  conversion  of  the  alcohols  into  ketoses  is  de- 
pendent on  tiieir  configuration,  and  that  whereas  glycerol,  m9«ry- 
thritol,  {-atabitol,  ({sorbitol,  J-mannitol,  &&,  with  the  foUowing 
configurations,  are  oxidised  by  the  bacteriimi, 

CHjOH  CHjOH  CHjOH 
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d-SorbitoL 

glycol,  {-xylitol,  and  dulcitol  are  not 
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H 
H 


■OH 
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({•Mannitol. 


GHaOH 
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Duloitol. 


*  ^Nn.  CMm,  Bkyt.,  1904  (d),  S,  181. 
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A  oompaiiflon  of  the  two  series  indicates  that  the  difference  of 
configuraticm  is  confined  to  the  two  upper  asymmetric  carbon  atoma^ 
and  tlie  conclusion  seems  inevitable  that  it  is  the  difference  of  con- 
figuration which  determines  decomposition  by  the  organism.  To 
explain  this  selective  action,  Fischer  introduced  the  simile  of  a  lock 
and  key.  That  the  orgimism  has  an  asymmetric  structure  seems 
manifBst  from  the  optical  activity  of  protein  matter,  and  when 
this  structure  corresponds  to  that  of  the  organic  molecule,  or  the 
wards  of  the  key  fit  those  of  the  lock,  decomposition  can  occur.  The 
subject  is  more  fully  considered  under  '  Fermentation '  (p.  887). 

C^oaatitation  of  the  Diaaecharosea.  Our  knowledge  of  the  natu- 
ral disaccharoaes,  in  spite  of  few  successful  syntheses,  is  fiiirly  complete. 
It  seems  certain  that  these  compounds  possess  the  constitution  of 
ethers  in  the  sense  that  the  carbon  groups  of  two  or  more  simple 
sugars  are  linked  by  oxygen.  This  is  the  view  held  by  Fischer,  who 
prepared  a  number  of  compounds  of  the  monosaccharoses  with 
alcohols  by  the  action  of  hydrochloric  acid  upon  a  mixture  of  the 
sugar  and  the  alcohoL 

These  products,  like  the  polysaccharoses  and  glucosides,  undergo 
hydrolysis  by  contact  with  enzymes,  or  by  boiling  with  dilute  acids 
(p.  299).  Thus,  the  substance  which  Fischer  terms  methyl  gluooside 
is  obtained  by  the  action  of  hydrochloric  acid  in  the  cold,  upon 
a  mixture  of  glucose  and  methyl  alcohol. 

C^HjaOe  +  CHjOH  «  CflHnOa .  OCHa  +  HgO 

As  the  new  compound  has  forfeited  its  aldehydic  properties, 
Fischer  explains  its  structure  by  the  following  formula : 


OHaOH ,  CHOH .  CH .  CHOH .  CHOH .  CH .  OCH 


3 


If  this  is  the  correct  explanation,  the  formation  of  the  methyl 
glucoside  must  be  accompanied  by  the  creation  of  a  new  asynunetric 
carbon  atom  (indicated  in  thick  type)  and  consequently  of  two 
stereoisomers,  in  the  same  manner  that  two  cyanhydrins  are  formed 
by  the  addition  of  hydrogen  cyanide  (p.  302).  This  is  precisely 
what  occurs,  and  in  the  majority  of  cases  two  stereoisomers, 
distinguished  tiB  a  and  j3,  have  been  isolated.  The  structure  of  the 
a-  and  )8-methylglucosides  may  be  represented  in  the  foUowing 
manner: 
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CHjOH 

I 
CHOH 


CH^OH 


CHOH 


HC.oca 


CH 


8 


CHOH 

I 
CH 

I 
CHOH 

CHOH 

O.CH 


a-  and  /9-Methylglaooside8b 


The  following  is  a  list  of  aldosides 

Aldosides. 
a-Methyl  d-glucoside 
)8-MethyI  c^glucoside 
a-Hethyl  2-gIucoside 
^-Methyl  I-glucoside 
a-Hethyl  c22-glucoside 
a-Ethyl  d-glucoside 
Propyl  d-^glucoside 
Phenyl  d-ghicoaide 
Benzyl  J-glucoside 
a-Methyl  d-galacioside 
)9-Meihyl  d-galactoside 
Ethyl  (^galactoside 


and  ketosides  obtained  in  this 

Methyl  cl-mannoside 
Methyl  2-mannoside 
Methyl  rhamnoeide 
Ethyl  rhamnoeide 
Methyl  arabinoside 
Ethyl  arabinoside 
Benzyl  arabinoside 
a-Methyl  xyloside 
^S-Methyl  xyloside 
Methyl  gluco-heptoside 

Keiosides, 
Methyl  sorboside 
Methyl  fructoside 


What  has  been  said  of  the  selective  action  of  yeast  and  the  sorbose 
bacterium  applies  to  that  of  enzymes  on  the  artificial  alkyl  gluco- 
sides.  Fischer^  made  the  interesting  observation  that  an  aqueous 
extract  of  pulverized  yeast  cells,  which  contains  an  enzyme  mdUase, 
hydrolyses  a-methyl  (^-glucoside,  but  has  not  the  least  action  on  the 
/3-methyl  d-glucoside.  Exactly  the  reverse  happens  with  the  emul- 
sin  of  bitter  almonds  which  hydrol3rses  the  j8-glucoside,  whilst  the 
a  modification  remains  unchanged.  The  ethyl  and  phenyl  gluco- 
sides,  of  each  of  which  only  one  modification  is  known,  behave  like 
the  a-methyl  compound,  and  probably  belong  to  the  same  category. 
Similar  differences  have  been  observed  in  the  case  of  other  glucosides 
both  natural  and  artificial ;  in  other  cases  again  neither  enzyme  has 
any  action. 

The  following  is  a  list  of  natural  and  artificial  glucosides.    The 


1  ZeiL  phyBiol.  Chem.,  1898,  26,  61. 
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action  of  the  enzyme  is  denoted  by  +  when  it  produces  hydrolysis 
and  by  -  when  it  is  without  action. 


Artificial  gluoosides. 

Emolsin. 

Italtase. 

a-methyl  cK-gluoodde 

.^ 

+ 

/9-methjrl  tf-glaooside 

+ 

— 

a-methyl  {-glucoside 

— 

— 

/3-methyl  {•gluooside 

— 

— 

a-ethyl  rf-glucofiide 

— 

+ 

phenyl  d-gluooside 

+ 

— 

a-methyl  d-gaUoto«ide 

— 

+ 

0-meihjl  d-galact06ide 

+ 

— 

methyl  d-mannoside 

— 

— 

methyl  Z-mannoside 

— 

— 

methyl  arabinoslde 

— 

— 

a-methyl  zyloaide 

— 

— 

/3-methyl  zyloaide 

— 

— 

methyl  rhamnoside 

— 

— 

methyl  glaoo-heptoeide 

— 

methyl  Borboside 

— 

— 

methyl  fructoside 

+ 

Natural  gluoosides. 

Emulsin. 

+ 

Maltase. 

Salicin 

.^^ 

Helicin 

+ 

- 

Aesculin 

+ 

— 

Conifer  in 

+ 

_ 

Phillyrin 

— 

— 

Aprin 

— 

— 

Syringin 

+ 

— 

Saponin 

— 

— 

Phloridadn 

— 

— . 

Mandelo  nit  rile  glaooside 

+ 

— 

Amygdalin 

+ 

+ 

Quercitrin 

— 

It  would  appear  that  the  minority  of  the  natural  glucosides  belong 
to  the  group  of  )3-glucosides. 

We  shall  see  presently  that  the  disacoharoses  are  subject  to  the 
same  selective  hydrolysis  by  enzymes  and  are  divisible  into  two 
stereochemically  related  groups. 

Striictnre  of  Oluoose  mi  dAtomiiattd  hy  IRDMjmm  iLotion.    The 

above  observations  on  enzyme  action  will  enable  us  to  understand 
a  new  theory  of  the  structure  of  glucose  and  the  other  monosac- 
charoses  which  has  been  incidentally  referred  to  on  p.  296.  It  has 
already  been  stated  that  many  of  the  sugars  are  subject  to  mutaiota- 
tion  (p,  100),  that  is,  to  a  change  in  rotation  when  the  freshly  prepared 
solution  of  the  substance  is  allowed  to  stand,  or,  more  quicklyi  if 
a  trace  of  alkali  is  added  and  the  liquid  warmed.  Thus,  c^gluoose 
freshly  dissolved  in  water  exhibits  a  rotation  of  [a\a  ~  + 105^9  which 
becomes  constant  when  it  has  dropped  to  half,  i.e.  [a\o  «  +62«5^ 
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The  change  has  been  variously  ascribed  to  hydration  and  to  change  of 
structure.  Both  the  modifications  known  as  a-  and  )3*gluooBe  and  an 
additional  y-glucose  haying  a  rotation  [a]i,  ■*  +  22^  have  been  isolated 
by  Tanret'  The  first  two  were  prepared  by  cr3r8talli2ation  of  glucose 
from  the  cold  and  hot  solutions  reepectiyely,  and  the  last  firom  its  solu- 
tion in  alcohol  at  a  high  temperature.  Whichever  of  the  three  modifica- 
tions is  dissolved,  the  rotation  becomes  constant  when  [a]n  »  +  52*5^ 
It  appeared,  therefore,  not  improbable  that  the  intermediate  )3-gluoose 
represented  a  mixture  of  dynamic  isomers.  Simon '  was  the  first  to 
sugrgsst  that  a-  and  y-glucose  correspond  to  a-  and  )8-methyl  glucoside, 
since  the  mean  values  of  the  sum  of  the  rotations  are  nearly  the  same : 
a-methyl  glucoaide    +16T*  a-glaoo0e    +105° 

^-  „  -  82  7-     „  +22 

+  125  +127 

moan  «  +62-25  mean  «  +68.5 

If  this  is  the  case^  a-methyl  glucoside,  on  hydrol3rsis,  should  yield 
a  sugar  of  high,  )8-methyl  glucoside  of  low  rotatory  power.  The 
glucoses  themselves  are,  however,  so  sensitive  to  ordinary  chemical 
reagents  that  hydrolysis  of  the  glucosides  by  acids  or  alkalis  is  pre- 
cluded. R  F.  Armstrong'  hit  upon  the  ingenious  device  of  hydro- 
lysing  the  glucosides  by  the  aid  of  the  enzymes,  emulsin  and  maltase, 
and  determining  the  rise  or  &11  of  rotation  when  equilibrium  was 
reached,  a  process  which  can  be  quickly  effected  by  adding  a  trace  of 
alkali  to  the  resulting  solution.  Small  but  definite  indications  of  the 
existence  of  two  glucoses  were  obtained,  which  must  consequently 
be  represented  by  configurations  similar  to  the  a-  and  ^S-glucosides 
and  named  to  correspond,  a-  and  )3-gluco6e. 

CHoOH  CHoOH 

I  I 

CHOH  CHOH 

I 
CH 

^^       CHOH 

\  CHOH 

\l 
HO.CH 

a-  and  ^-Glucose. 

The  lactone  structure  of  the  glucoses  is  supported  by  many  inde- 
pendent fisu^ts,  notably  the  evidence  derived  from  observations  of  the 
magnetic  rotation.* 

Lowry*  has  discussed  at  some  length  the  mechanism  of  the 

'  OmpL  rmd^j  18iN^  ISO,  1060.  *  Oompt  tend,,  1901, 182,  487. 

'  IVtmc  Chem,  8oo^  1908,  86, 1806.      *  Perkin,  Trans.  Chcm,  Soe,,  1902,  81,  177. 

^  rnmf.  Chem,  Soc,  1908,  86,  1814. 
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isomeric  change  by  which  the  two  sugars  are  formed,  whi<di  he 
ngards  as  a  leveraible  praoeas  efifected  by  the  suoceaaive  additioB 
and  ramoral  of  water,  thus : 

CHjOH 


CH^OH 
CHOH 


HC.OH 


I 
CHOH 

+  HsO       CHOH 

CHOH 
CH(OH)^ 


-HjO 
+  H,0 


/t 


CH,OH 

CHOH 

I 


^y     CHOH 

I 
CHOH 


X' 


I 


HO.CH 

The  existence  of  the  above  intermediate  compound  may  also  ex- 
{dain  the  interconyersion,  under  the  influence  of  alkalis,  of  gluooae, 
mannose,  and  fructose,  observed  by  Lobry  de  Bruyn  and  van  Eken- 
stein  and  already  referred  to  on  p.  806.  Lowiy  has  suggested  that 
the  compounds  in  question  may  have  a  common  enolie  form,  derived 
from  the  intermediate  product  by  loss  of  water,  thus : 

CHjOH 


CHoOH 


(CHOH) 

I 
CHOH 
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(CHOH), 

C.OH 

II 

CH.OH 


CH(OH), 

The  production  of  glucose,  mannose,  and  fructose  can  be  represented 
as  a  hydration  process  followed  by  lactone  or  ketone  formation,  tiius : 

CH.OH 

I 
(CHOH), 

I 
C.OH 

II 
CH.OH 

I 

+  H2O 

i 

CHgOH 

(CHOH), 

I 

qoH), 


,/ 
CH2OH 

(CHOH), 

I 
H.C.OH 

I 
CH(OH), 

OlUCOM 

(hydntted). 


CH,OH 
(CHOH), 


CHjOH 

FruetoM 
(bydrated). 


OH.C.H 
I 
CH(OH)| 

Miinfuwio 
(hydnted). 


STBUCTURE  OF  GLUCOSE 


888 


I  In  addition  to  a-  and  /^methyl  glucoside,  there  are  many  other  deriya- 
r  tivQs  of  Or  and  /9-glacose.  It  has  long  been  known  that  a  different 
glucose  acetate  is  formed  by  the  use  of  acetic  anhydride  and  zinc 
I  chloride,  or  acetic  anhydride  and  sodium  acetate,  according  to  the 
mothod  of  preparation.^  These  have  now  been  brought  into  relation 
with  the  two  methyl  glucosides  by  a  method  devised  by  Eoenigs, 
and  successfully  applied  by  Fischer  and  Armstrong.'  It  consists  in 
converting  the  pentacetates  of  glucose,  by  means  of  liquid  hydrogen 
chloride,  into  the  a-  and  j8-acetochlon>glucoses,  the  chlorine  in  the 
latter  being  then  replaced  by  methoxyl  by  the  combined  action  of 
methyl  iodide  and  silver  carbonate.  The  acetyl  methyl  glucosides  are 
then  hydrolysed  to  remove  the  acetyl  groups. 


CH.O.COCH, 

I 
CHO.COCHa 

CH 

>/    CHO.COCH3 

\,^  CHO .  COCH3 

^CHO.COCH^ 

Glucose  pentaoetate. 


/ 


< 


CH,0 .  COCH, 

I    ' 


CHO . COCH 


:i 


/     CHO .  COCH3 

N.     CHO.  COCH;, 

^CHOCHj 
Acetyl  methyl  glucodde. 


CHjO .  COCH 
CHO .  COCH, 

in  ■ 

I 

CHO .  COCH, 

I 
CHO .  COCH, 

\l 

xHa 

Aoetochloroglucose. 

CHjOH 
CHOH 

/     CHOH 
CHOH 


3 


CHOCH;, 

Methyl  glncofiido. 


The  a-acetochloroglucose  is  very  rapidly  converted  into  the  )8-com- 
pound  by  the  addition  of  a  Uttle  sodium  carbonate. 

Signeture  of  the  XMsaooharoses.  If  the  disaccharoses  are 
structurally  related  to  the  alkyl  glucosides,  that  is,  if  they  are  ether 
combinations  of  one  hexose  with  another,  they  should  exhibit  similar 
properties ;  in  other  words,  they  should  exist  in  two  stereoisomeric 

■  -Erwig  and  Ktaigs,  Ber.,  18S9,  23,  1464 ;  Franchimont,  Bac.  trav.  Pays^  Baa, 
1892, 11,  106. 
^  Ber.,  1901,  84,  2885. 
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forms  correeponding  to  a-  and  ^S-gluoosides,  capable  of  diiEaiwi&te 
by  enzyme  action.  FarUiennoiey  it  might  be  anticipated  that  tbatl 
83^the6i8  would  be  effected  by  the  method  used  in  the  prepaitliail 
of  the  glucoaidea.  Eachof  theae  deductiona  has  been  in  tiim  'verified 
by  Fiflcher  and  his  coUaboiatora.  By  the  action  of  hydioehlcNric  acid 
upon  glucose  in  the  cold,  Fischer^  obtained  a  disaccharaee  ^eiy 
similar  to  maltose,  but  unlike  the  latter,  amorphous  and  noa- 
fermentable  by  yeast    It  was  named  iaomaUose. 

The  relation  of  the  disaccharoses  to  the  a-  and  /8-glucosideB  has  heen 
established  by  K  F.  Armstrong '  by  the  same  method  which  he  applied 
to  a-  and  )3-gluco6e,  namely,  by  observing  the  rise  or  fidlof  rotatknof 
the  glucose  isolated  by  the  enzyme,  when  equilibrium  waa  established. 
Using  maltnuft  and  invertase  as  hydrolysing  enzymes^  it  was  shown 
that  maltose  and  cane-sugar  are  a-glucosides^  raffinoae  is  an  a-ghiooside 
of  melibiose,  whilst  starch,  which  is  hydrolysed  by  diastase,  appean 
to  be  a  )8-malto8ide.  Fischer  has  assigned  the  following  struetonl 
formulae  to  the  disaccharoses,  cane^ugar  (sucrose),  milk-sugar  (lactose), 
malt-sugar  (maltose)  and  melibiose. 
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CHjOH 
.— CH 


.— CH 
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O  I 
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I  CHOH 
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O  CHOH 

CHOH 
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O/     CHjOH 


Cane-sugar. 
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CHOH 
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CHOH 

I 
CHOH 
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CHjOH 

I 
CHOH 

r-GB. 

CHOH^ 
O  I 
CHOH 

— CH 


-CH, 
CHOH 
— CH 

CHOH 

I 
CHOH 

—CHOH 


Haltoae,  litetote,  and  meUbioae. 

The  formulae  are  based  partly  on  the  relation  of  the  diaaeeharoeeg  to 
the  alkyl  gluoosidee,  partly  on  the  general  chemical  behavionr  of  the 
sugars  themselves.    Thus,  cane-sugar  has  no  reducing  properties  and 


>  Bm.,  1690,  as,  8688. 


'  JVOM.  OkMH.  Buti,  1908,  85,  1906. 
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Forms  neither  hydrazone  nor  osazone,  whereas  maltose,  lactose,  and 
Knelibioae  behave  in  this  respect  like  the  aldo-hexoses.  The  difference 
betrv^een  maltose,  lactose,  and  melibiose  is  determined  by  the  space 
configuration  of  the  individual  hexoses  which  are  united  in  the 
molecule.     The  formula  does  not,  however,   indicate  which  half 
of  the  molecule  in  lactose  and  melibiose  represents  glucose  and 
which   galactose.     Fischer  and  Armstrong^  have  found  a  simple 
way  of  solving  the  problem  by  forming  the  osone  of  the  disaccha- 
rose  and  then  hydrolysing  it ;  the  resulting  hexosone  will  be  that 
of  the  aldose  constituent.    Thus  lactose  appears  to  be  a  gluoosido- 
galactose  and  melibiose  a  galactosido-glucose.    The  structure  of  meli- 
biose has  also  been  determined  synthetically. 

BjuiAkmAm  of  the  Piiaccharoses.  The  first  synthetic  disaccharose 
was  obtained,  as  we  have  seen,  by  the  action  of  hydrochloric  acid  on 
glucose,  and  although  the  method  was  used  successfully  in  preparing 
a  variety  of  phenol  glucosides,  when  applied  to  the  disaccharoses  it 
proved  to  be  unsatisfactory.  Many  years  before^  another  process  had 
been  indicated  by  Michael,'  who  in  1881  obtained  a  phenolglucoside 
by  the  interaction  of  acetochloroglucose  and  potassium  phenol  in 
alcoholic  solution. 

CcByCllOgCC^HaO)^  +  CoHfiOK  -  CeH^O .  CcHnOg  +  KCl  +  ^CHgCO^R 

Aoetochlorogluooiie.  Phenolgluooside. 

The  synthesis  of  cane-sugar  by  Marchlewski '  in  1899  was  based  upon 
this  method.  Potassium  fructosate  and  acetochloroglucose,  dissolved 
in  alcohol,  were  allowed  to  stand  for  a  week,  when  cane-sugar,  potas- 
sium chloride,  and  ethyl  acetate  were  found  to  have  been  formed,  the 
reaction  probably  taking  place  according  to  the  equation : 


CHOC2H3O 
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CHOO^jO 
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I    CHOH 
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I    CHOH 

O    I 
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0/  CHoOH 


CHOH 

I 
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+  KCl  +  4CH,CO«CoH, 


dr 


'2^2-' 


The  new  method  devised  by  Fischer  *  in  1902  for  the  preparation  of 
the  acetochlorohexoses,  by  the  action  of  liquid  hydrogen  chloride  on 

1  Ber.,  190S,  86,  8141.  >  Ber,,  1881, 14,  2097. 

'  Trant.  Acad.  Seiwieetf  Cracow,  1899.        *  Bir.,  1902,  36,  888,  8144,  8168. 
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the  penta-acetates  (p.  888),  enabled  him  to  apply  HichaeFs  reaetkm 
to  effect  the  union  of  a  variety  of  hezoses.  By  combining  aceio- 
chloroglucose  with  sodium  galactose,  acetochlorogalaetose  with 
soidium  glucose,  and  acetochlorogalacfose  with  sodium  galactoae^ 
three  synthetic  disaccharoses  were  created,  all  of  which  are  hydro- 
ly  sable  by  emuLnn,  whilst  the  second  of  the  series,  galactosido-gluoQse, 
is  fermented  by  yeast  and  is  probably  identical  with  melibiose. 
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CHAPTER   IX 

FERMENTATION  AND   ENZYME  ACTION 

Febmbhtation  may  be  broadly  deeciibed  as  a  process  by  which 
certain  products  are  elaborated  as  the  result  of  the  activity  of  living 
cells.  The  lifeless  products  of  the  cells  which  directly  induce  these 
changes  are  termed  evustfrnes^  and  act  either  in  the  presence  or  absence 
of  the  living  organism,  i  Fermentation  is  therefore  a  result  of  which 
enzymes  are  the  active  cause. 

Thus,  the  original  meaning  of  the  word,  which  was  derived  from 
/ervere,  to  boi],  and  which  connected  it  with  the  evolution  of  gas,  has 
entirely  disappeared. 

Historioal.  The  early  history  of  fermentation  is  mainly  con- 
oemed  with  alcoholic  fermentation.  Until  the  sixteenth  CMitury 
it  was  commonly  supposed  that  the  alcohol  was  present  before 
fermentation  in  combination  with  impurities,  which  were  removed 
during  the  process,  thus  liberating  the  alcohol.  In  1682  Becher 
proTod  that  sugar  was  necessary  for  fermentation  and  that  the  alcohol 
did  not  pre-exist  in  the  liquid.  Towards  the  close  of  the  eighteenth 
century  Lavoisier  demonstrated  the  true  composition  of  cane-sugar, 
efitimated  its  constituents,  and  followed  quantitatively  its  conversion 
into  alcohol  and  carbon  dioxide.  In  1887  an  important  advance 
was  made  by  Cagniard  de  la  Tour  in  France,  and  almost  simul* 
taneously  by  Schwann  and  by  Kutzing  in  Qermany.  They  observed 
under  the  microscope  the  reproduction,  by  budding,  of  the 
small  spherical  bodies  which  had  been  seen  many  years  previously 
by  Leuwenhoek  in  the  sediment  or  scum  of  fermenting  liquids. 
lliey  associated  the  disappearance  of  the  sugar  and  the  production 
of  alcohol  and  carbon  dioxide  with  the  presence  and  reproduction 
of  the  organism.  Notwithstanding  the  convincing  nature  of  their 
experiments  it  was  not  until  a  quarter  of  a  century  later  (1860)  that 
the  dependence  of  fermentation  on  the  vegetative  function  of  the  yeast 
cell  was  generally  accepted.  The  vikUistie  theory^  as  it  was  oaUed, 
had  to  contend  against  the  strenuous  opposition  of  Liebig  and  others 
of  his  school,  who  strove  to  explain  the  phenomena  of  life  by  the  aid 
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of  puzdiy  ehemical  and  physical  laws.  Instead  of  erediting  the 
organism  with  the  power  of  causing  fermentation,  they  oonsti 
a  mechanical  hypothesis,  known  as  the  ph^oal  or  vibraiion 
Aceording  to  this  hypothesis  the  real  ferment  was  a  non-] 
substance  which  rapidly  deoomposed,  and  in  so  doing 
a  shock  to  the  sugar  molecules  by  which  they  were  resolved  inN 
simpler  substancea  The  theory  was  in  feet  a  revival  of  the  old  viewil 
of  Willis  and  of  Stahl,  which  were  put  forward  during  the  latter  luH 
of  the  seventeenth  century.  It  was  not  long  before  a  modificatkw 
of  laebig's  original  conception  was  found  necessary.  The  biilliaBl 
and  conclusive  researches  of  Pasteur  left  no  doubt  that  the  aciiTi 
agent  in  the  change  vras  the  living  cell.  Efforts  were  made  to  brxng 
the  two  views  into  harmony,  and  Naegeli  put  forward  the  theotr 
that  all  substances  capable  of  fermentation  have  their  moleenki 
in  a  state  of  active  oscillation  in  virtue  of  their  potential  energy^ 
The  ferment,  being  in  a  similar  condition,  transmitted  its  motioa 
to  the  fermenting  material  outside  the  living  cell  and  thus  effidclad 
its  decomposition.  The  ferment  itself  was  not  supposed  to  be 
destroyed  in  the  process,  as  Liebig  had  postulated  in  his  originai 
hypothesis. 

At  length,  after  nearly  twenty  years  of  fruitless  discussion,  Pastenr 
was  able  to  definitely  prove  that  alcoholic  fermentation  was  caoon" 
tially  an  intracellular  change  effected  by  living  yeast,  and  to  show 
that  the  lactic  and  butyric  fermentations  were  kindred  phenomena 
caused  by  individual  organisms  distinct  from  the  yeast  plant. 

Ifeanlng  of  Fermentation.  Until  comparatively  recently  a  m<H:e 
or  less  sharp  line  of  demarcation  was  drawn  between  a  change,  such 
as  fermentation  by  yeast,  and  those  reactions  which  are  brought  about 
by  substances  to  which  the  name  enssyme  has  been  given.  'Rnnilain^ 
an  enzyme  found  in  bitter  almonds,  was  observed  as  early  as  1830 
by  Bobiquet  and  Boutron,  and  its  mode  of  action  was  elucidated 
in  a  striking  way  by  Liebig  and  Wohler.^  They  showed  that  the 
enzyme  occurred  along  with  the  glucoside,  amygddliny  and  that  when 
the  cells  of  the  almond  are  ruptured  in  the  presence  of  water  the 
two  substances  are  brought  into  contact,  with  the  result  that  the 
glucoside  is  resolved  into  benzaldehyde,  hydrocyanic  acid,  and  glucose. 

By  suitable  methods  it  is  possible  to  separate  the  enzyme  firom 
the  glucoside  and  from  the  cells  of  the  almond,  and  the  reaction  may 
consequently  be  carried  out  under  conditions  which  preclude  the 
possibility  of  any  living  material  being  concerned  in  the  change^ 

^  Ann,  Ckim,  Phus.,  1837,  64,  185. 
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A.  gimilar  reaction  had  been  observed  as  far  back  as  1814  by 
Borchhoffy  who  discoyered  the  convei'sion  of  starch  into  sugar  by  the 
presence  of  a  watery  extract  of  germinating  barley,  and  twenty  years 
later  Payen  and  Persoz  were  able  to  roughly  isolate  the  enzyme, 
io  which  they  gave  the  name  diastase.  A  similar  enzyme  was  also 
discovered  in  the  salivary  secretion  by  Leuchs,  and  about  the  same 
time  pepsin,  an  enzyme  which  brings  about  the  hydrolysis  of  proteins, 
\ras  found  by  Schwann  in  the  gastric  juice.  ^ 

Ferment  reactions  were  therefore  divided  into  two  classes — 
reactions  induced  by  organised  ferments  connected  with  the  presence 
of  living  cells,  and  those  caused  by  unorganised  ferments  capable  of 
acting  in  a  sterile  medium. 

This  distinction  persisted  for  a  long  time,  although  suggestions 
had  been  made  that  the  difference  between  the  two  kinds  of  change 
nvas  more  apparent  than  real.'  In  1896  E.  Buchner  was  able  to 
show  that  by  rupturing  yeast  cells  by  mechanical  means  and 
expressing  the  cell  juice  under  high  pressure,  a  liquid  is  obtained 
iwiiich  is  capable  of  converting  a  not  inconsiderable  amount  of  sugar 
into  alcohol  and  carbon  dioxide  in  the  complete  absence  of  living 
yeast  cells.  This  result  at  once  placed  alcoholic  fermentation — the 
fermentation  par  excellence— u^n  a  level  with  the  changes  produced 
by  unorganised  ferments.  Further  research  has  shown  that  by 
^lynilftr  methods  other  organisms,  particularly  those  wluch  cause  the 
lactic  and  acetic  fermentations,  may  be  made  to  yield  crude  enzyme 
preparations  which  are  free  from  living  cells,  but  are  still  capable 
of  inducing  the  particular  change  associated  with  the  organism  from 
which  they  were  derived. 

The  tendency  is  therefore  to  ascribe  fermentation  reactions,  whether 
associated  with  living  cells  or  not,  to  the  structureless,  non-living 
enzymes,  although  it  must  be  admitted  that  many  fermentations  are 
known  which  cannot  at  present  be  shown  to  take  place  in  the  absence 
of  living  matter.  It  is  therefore  better  to  designate  ferments  as 
iniracellular  or  extracellular  according  as  they  normally  operate  within 
or  without  the  cell  by  which  they  are  formed,  not  forgetting  that 
in  very  many  cases  it  is  possible  by  artificial  means  to  cause  intra- 
cellular enzymes  to  exert  their  functions  independently  of  the  cell. 

^  The  diBoovery  of  the  ferments  concerned  in  gastric  digestion  must  really  be 
ascribed  to  B«aumar  (1752)  and  the  Abb^  Spalhmzani  (1785).  The  latter 
caused  birds  of  prey  to  swallow  small  sponges  attached  to  a  string.  After 
withdrawal,  the  sponges  yielded  a  small  quantity  of  gastric  juice  which  was 
able  to  dissolve  and  change  flragments  of  meat.  These  results  were,  howerer, 
not  accepted  as  correct  until  many  years  later. 

*  Moritz  Traube,  P^.  AnndUn,  1858, 108,  381. 
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Enzymes  are  substances  of  the  utmost  importance  to  all  liTiii^ 
matter.  They  may  be  regarded  as  the  'chemical  reagents'  of  iiie 
qrganismu  Their  presence,  even  in  minute  quantities,  effects  the 
disintegration  of  large  amounts  of  complicated  substances  of  the  most 
yaried  kind  into  simpler  bodies,  which  are  disposed  of  or  utHised 
according  to  the  requirements  of  the  celL  They  also  fumiah  the 
means  whereby  the  sun's  energy,  through  the  medium  of  plant  Uh, 
is  made  available  for  the  animal  organism. 

r«nii«itatioii9  a  Catalytic  FrooMS.  The  similarity  ezistiiig 
between  enzyme  actions  and  ordinary  catalytic  or  contact  changes 
had  not  escaped  the  notice  of  Berzelius.  The  view  of  Ostwald  that 
catalysis  is  essentially  an  increase  in  the  velocity  of  a  reactioii, 
which  normally  proceeds  at  a  definite  though  extremely  small  rate 
in  the  absence  of  a  foreign  substance  or  catalyst,  is  quite  in  harmony 
with  all  that  is  known  of  enzymes.  Like  most  catalytic  proceeaesy 
the  speed  of  fermentation  increases  with  the  amount  of  enzyme. 
Another  and  striking  analogy  between  inorganic  catalysts  and 
enzymes  is  the  reversibility  of  certain  ferment  actions.  The  recent 
work  which  has  been  carried  out  upon  both  inorganic  and  organic 
catalysts,  by  the  application  of  physical  methods  to  the  measurement 
of  reaction  velocities,  has  only  served  to  emphasize  their  doee 
connection.  The  mechanism  of  enzyme  action  is  briefly  Hi«m«ywf 
on  p.  368.^ 

Chemical  Action  of  Sni^srmes.   The  majority  of  enzyme  reactions 
are  of  a  simple  hydrolytic   character  and  the   energy  exchanges 
are  small  (e.g.  the  saponification  of  fat,  the  conversion  of  starch 
into  sugars,  the  liberation  of  sugars  from  glucosides),  and  most  of 
them  can  be  carried  out  equally  well  with  inorganic  catalysts  such 
as  acid  or  alkali.     Even  some  of  the  more  complicated  ferment 
changes,  such  as  the  oxidation  of  alcohol  to  acetic  acid  and  the 
conversion  of  calcium  formate  into  hydrogen,  carbonic  acid  and 
calcium  carbonate,  may  be  effected  by  finely  divided  metals  such 
as  platinum  and  iridium.     It  must,  however,  be  remembered  that, 
unlike  most  of  the  inorganic  catalysts,  the  enzymes  are  to  a  con- 
siderable extent '  specific ',  e.g.  a  fat-hydrolysing  enzyme  is  incapable    < 
of  hydrolysing  starch  or  glucosides.     There  is  a  large  amount  of 

1  Asher  and  Spiro,  Ergibnisie  der  PhysMogie,  1908, 1,  134 ;  Bredig,  AMorgmmke 
FenmrUB^  HabOHatunuchrifi,  Leipsic,  1904 ;  Victor  Henri,  Les  LoU  GiiUniu  i$ 
V Actum  dt$  DioMUues,  Paris,  A.  Hermann,  1908 ;  Senter,  Proc.  Royal  Soc,  1905,  74, 
201 ;  Euler,  Znt  physiol,  C%«m.,  1905,  46,  420. 
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indirect  evidence  to  support  the  view  that  an  enzyme  enters  into 
a  definite  combifuUion  with  the  substance  which  undergoes  change. 

It  is  usually  assumed,  from  analogy  with  other  catalysts,  that 

a  minimum  quantity  of  enzyme  is  capable  of  causing  the  decom- 

poBition  of  an  infinitely  large  amount  of  the  substance  upon  which 

it  acts,  provided  that  the  necessary  time  is  allowed.    PracticaUy, 

however,  this  condition  of  things  is  seldom  approached,  although 

in  a  few  cases — notably  the  action  of  invertase  upon  cane-sugar  and 

of  the  clotting  enzyme,  rennet — ^the  enzyme  is  capable  of  bringing 

about  change  in  more  than  one  hundred  thousand  times  its  own 

weight  of  substance  without  losing  its  activity.     It  is,  however, 

much  more  usual  for  a  considerable  destruction  of  the  enzyme  to 

take  place  during  the  reaction,  and  it  is  a  significant  fact  that  the 

conditions  most  favourable  to  the  rapid  action  of  many  enzymes  are 

precisely  those  which  promote  their  destruction.     For  example,  the 

protein-dissolving  enzyme,  trypsin,  secreted  by  the  pancreas,  acts 

most  readily  at  a  moderately  high  temperature  and  in  a  comparatively 

strong  alkaline  medium,  and  under  these  conditions  the  enzyme  is 

rapidly  destroyed,  particularly  in  the  absence  of  protein  upon  which 

it  may  act     In  other  cases  the  products  formed  during  the  reaction 

act  prejudicially.    Thus,  the  firee  acid,  liberated  from  fats  by  animal 

lipase,  has  a  distinctly  harmful  effect  upon  the  enzyme.    It  follows 

that  there  is  a  definite  limit  to  the  amount  of  change  that  a  certain 

quantity  of  enzyme  can  bring  about ;  but  the  fact  is  not  necessarily 

opposed  to  the  action  being  catalytic. 

Crompositioii  of  Ensymes.  It  has  not  been  possible  to  isolate  an 
enzyme  in  the  pure  state,  and  up  to  the  present  it  has  been  impractic- 
able to  do  more  than  investigate  the  effects  produced  when  mixtures 
containing  them  are  allowed  to  act  upon  substances  of  known  com- 
position. Of  the  enzymes  themselves  we  know  extremely  little.  In 
many  cases  it  is  possible  to  obtain  solid  amorphous  preparations,  which 
furnish  extremely  active  enzyme  solutions  when  dissolved  in  water. 
Unfortunately  there  is  no  definite  criterion  of  purity  to  serve  as  a 
guide,  and  the  methods  available  for  the  preparation  of  enzymes  are 
such  as  would  not  remove  many  known  impurities.  As  a  rule 
enzymes  are  thrown  out  of  solution  on  addition  of  alcohol  or  salts,  such 
as  ammonium  or  sodium  sulphates.  Frequently  they  may  be  carried 
down  with  neutral  precipitates,  such  as  calcium  phosphate,  when 
formed  in  their  presence.  The  precipitation  of  an  alkaline  solution 
of  a  protein,  such  as  casein,  with  a  weak  acid,  is  often  effective.  In 
some  cases,  particularly  that  of  the  protein-hydrolysing  enzymes,  they 
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may  be  withdrawn  from  solution  by  shaking  with  insoluble  sub- 
stances such  as  blood-fibrin,  charcoal,  cholesterin,  or  magnesium 
carbonate. 

Qenerally  speaking  it  is  found  that  the  most  carefully  purified 
enzyme  preparations  give  the  reactions  of  proteins,  and  for  a  long 
time  the  view  was  prevalent  that  enzymes  belonged  to  the  class  of 
nucleo-proteides  (p.  421).  It  is  certain,  however,  that  many  enzymes  are 
known  which  are  not  nucleo-proteides,  and  some,  such  as  the  v^etable 
oxidases,  seem  to  contain  scarcely  any  nitrogen.^  The  general  proper- 
ties of  enzymes  lead  to  the  conclusion  that  they  are  unstable  substances 
of  very  high  molecular  weight,  and  there  are  good  reasons  for 
believing  that  their  molecules  are  asymmetric  They  appear  to 
be  colloidal  substances,  as  they  are  practically  non-dialysable.  In 
solution  they  are  almost  all  destroyed  at  temperatures  of  about 
65-85^,  but  in  the  absence  of  water  they  are  more  stable,  and  some  have 
been  heated  to  150^  without  losing  their  activity. 

It  is  probable  that  the  enzymes  will  be  found  to  be  allied  to  the 
class  of  substances  upon  which  they  act  The  enzymes  which 
act  upon  the  xanthine  bases  are  intimately  connected  with  nucleo- 
proteides,  which  themselves  furnish  xanthine  bases  upon  hydro- 
lysis. The  purest  pepsin  yet  obtained  was  found  by  Pekelharing^ 
to  have  an  elementary  composition  not  differing  widely  from  most 
proteins  (C  «  52,  H  -  7,  N  «  14-8,  S  ^  1-65)  and  to  resemble  the 
nucleo-proteides  in  some  other  particulars.  Trypsin,  papain,  and 
thrombase,  all  enzymes  which  act  upon  protein  substances^  would 
also  appear  to  resemble  complex  protein  derivatives,  and  this  view  is 
supported  by  the  fact  that  the  three  proteases,  trypsin,  pepsin,  and 
papain,  are  able  to  mutually  '  digest '  one  another.  According  to 
O'Sullivan  and  Tompson,'  invertase  contains  a  carbohydrate,  possibly 
in  combination  with  a  protein.  Diastase,*  however,  aippears  to  be  a 
protein  derivative. 

Enzyme  preparations  invariably  contain  small  quantities  of  inor- 
ganic matter,  which  in  some  cases  seems  to  be  of  great  importance. 
A  striking  example  of  this  is  seen  in  *  laccase ',  an  oxidising  enzyme 

*  The  diifictilties  attending  the  satisfactory  isolation  of  enzymes  has  led  some 
inrestigators  to  doubt  their  real  existence  as  definite  substances.  Arfchns  {Ltt 
Nature  d«v  Bngyme$f  Th^se,  Paris,  1896)  expresses  the  view  that  enzymes  represent 
no  material  substances,  but  are  forms  of  imponderable  energy  comparable  with 
light,  electricity,  ftc  Others  have  tried  to  draw  analogies  between  the  enzymes 
and  the  emanations  of  radio-actiye  substances,  but  these  hypotheses  are  of 
course  purely  speoulatiTe,  and  there  are  at  present  no  reasons  why  the  older 
materialistic  view  should  be  abandoned. 

*  Zeit  phyaiol,  G^cm.,  1903,  86,  8.  '  Tmns,  Chem.  Soc,  1890,  67,  834. 
«  Wr6blewski,  Ber.,  1898,  81,  1180. 
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dlscoyeied  by  YoBhida,^  which  plays  an  important  part  in  the  pro-  / 
duciion  of  lacquer  varnish  from  the  sap  of  the  lac  tree.  Bertrand '  ^ 
finds  that  the  ash  contains  up  to  2  per  cent,  of  manganese,  and  that 
the  activity  of  the  enzyme  is  proportional  to  the  manganese  present. 
It  was  further  shown  that  in  certain  laccase  preparations,  which  con-* 
tained  an  exceptionally  low  amount  of  manganese,  the  action  of  the 
enzyme  could  be  increased  thirtyfold  by  addition  of  manganese  salts. 
It  has  been  suggested  that  manganese,  being  able  to  form  compounds 
of  varying  degrees  of  oxidation,  acts  directly  as  an  oxygen  carrier, 
though  salts  of  other  metals  cannot  replace  it.  The  occurrence  of 
manganese  in  the  ash  of  tea-leaves  is  probably  connected  with  the 
presence  of  a  similar  enzyme. 

Calcium  salts  are  found  to  be  essential  to  the  action  of  some  of  the 
clotting  enzymes,  such  as  rennin  and  thrombase,  whilst  chlorine 
would  appear  to  be  a  necessary  constituent  of  pepsin.  Phosphorus  is 
often  found  in  the  numerous  enzymes  associated  with  nudeo- 
proteides,  though  it  is  not  certain  that  the  phosphorus  is  actually  part 
of  the  enzyme  molecule. 

Ckmditioiui  determining  Sn^yme  Action.  Enzymes  can  act 
only  within  a  limited  range  of  temperature.  Little  or  no  action  is 
observable  at  the  freezing-point,  and  a  temperature  of  about  60^ 
usually  causes  a  fairly  rapid  destruction  of  the  ferment,  whilst  at 
somewhat  higher  temperatures  their  destruction  is  almost  instantly 
complete.  In  general,  the  enzymes  of  animal  origin  act  best  at  about 
blood-temperature  (87^),  whilst  a  temperature  of  about  25^  is  often 
favourable  for  vegetable  enzymes.  In  some  cases  enzymes  from  cold- 
blooded animals  seem  to  act  best  at  a  temperature  of  about  15^ 

With  few  exceptions  the  enzymes  can  act  only  in  almost  neutral 
solutions,  and  in  general  a  faintly  acid  medium  is  preferable  to  one 
with  an  alkaline  reaction.  Trypsin,  however,  works  well  in  a  solu« 
tion  containing  1  to  2  per  cent,  of  sodium  carbonate,  whilst,  on  the 
other  hand,  pepsin  is  most  active  in  the  presence  of  0*2  per  cent,  of 
hydrochloric  acid.  Additions  of  most  foreign  substances  affect  enzyme 
reactions  adversely,  but  occasionally  small  quantities  of  neutral  salts 
are  advantageous.  Many  neutral  substances  which  are  very  poisonous 
for  the  living  organism  (cyanides,  fluorides,  chloroform),  or  aromatic 
hydrocarbons  (toluene,  &c.),  are  not  nearly  so  prejudicial  to  the 
enzymes,  so  that  substances  of  this  kind  are  frequently  added 
to  solutions  in  which  enzyme  changes  are  in  progress  in  order 
to  prevent  bacterial  contamination. 

»  Trans.  Qient.  Soe.,  1883,  48,  472.  «  Compt.  rend.,  1897, 124,  1082. 
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Bp^tUc  Aetiam  of  XugnnMb  The  simpleei  leaciaons  broa^ 
ftbooi  by  enzymes  may  be  di^ded  into  three  rltnnen — those  mdikh 
biiiig  sbont  a  simple  hydrolysi%  thoee  eoneemed  in  ozidalioiis  and 
rednetions  (oridsaes  and  lednetases),  and  those  whieh  induce  elottiiig 
of  eertain  substances.  The  enzymes  of  the  first  class  may  be 
arranged  according  to  the  natoie  of  the  sabstance,  or  sitbsiraUf 
which  nndeigoes  change — ^polysaccharosesy  di-  and  tri-aacchjffooes» 
g^ucosides^    proteins   and   their    decomposition    products,    paiine 

The  nomenclature  now  in  general  use  for  tiie  naming  of  enzymes 
is  that  suggested  by  Dudauz,  and  consists  in  adding  the  suffix  -<ue 
to  the  substance  upon  which  the  action  of  the  enzyme  was  first 
observed.  Certain  of  the  older  names,  however,  such  as  trypsiii  and 
emulsin,  &c,  are  still  retained. 


EHBjfmes  whkh  induce  the  h^dniyris  of  Polifsacekaroses. 


DiaatMe 
(ajn.  AmjUae) 


Inalaae 

CellolaM 

{tjn.  CjtBMe) 


Peetinase 
Gelafe 

Caroabina^e 


Starch 
Olyoogen 


Inolin 
Celltilofle 


Pectins 

G«Io8e 

(Agar-Agar) 

Garoubin 


Deztrins 
Maltose 


Fmetose 
Bedaoiiig  sugars 


Bedneing  sugars 
Bednoing  sugars 

Reducing  sugars 


i  Germinating  grain 
and  many  plnnte, 
ftingi,  and  bacteria 

Germinating    bulbs    and 
tubers.  AspeigiUus  niger 
xr^  \  Germinating  grain, 
^^•Jftmgi 

Animal  )  ^^"   ^'   ^""1* 
]  and  snails 

Germinating  grain 

Bact.  gelaticus 

Carob  beans 


Amongst  the  enzymes  concerned  in  the  hydrolysis  of  the  poly- 
saccharoses,  diastase  is  by  far  the  most  important  It  has  an 
extraordinarily  wide  distribution,  the  enzymes  from  both  animal 
and  vegetable  sources  being  apparently  identical  Relatively  pure 
diastase  is  easily  prepared  by  extracting  green  or  air-dried  malt 
with  dilute  spirit,  and  then  precipitating  the  filtered  liquid  with 
absolute  alcohol.  The  crude  product  is  purified  by  reprecipitation 
and  is  freed  from  most  of  the  inorganic  impurities  by  dialysis. 
The  substance  finally  obtained  is  a  white  powder,  of  which  a  veiy 


'  Only  the  principal  sources  of  the  enzymes  can  be  noted  here.    A  complete 
account  of  the  distribution  would  occupy  too  much  space. 
*  The  name  '  ptyalin '  is  commonly  given  to  salivary  diastase. 
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small  quantity  is  able  to  liquefy  a  very  large  amount  of  starch 
paste.  When  allowed  to  act  upon  starch  paste  it  is  found  that 
after  a  short  time  the  liquid  no  longer  gives  a  blue  colour  with 
iodine,  but  a  deep  red-brown,  whilst  at  a  later  stage  no  reaction  at  all 
18  observable.  No  definite  conclusion  as  to  the  nature  of  the  pro* 
ducts  of  the  action  of  diastase  upon  starch  has  yet  been  reached,  but 
it  is  certain  that  maltose  is  the  main  product  A  number  of 
sabstanoes  belonging  to  the  class  of  dextrins  (erythrodeztrin, 
achroodextrin,  amylodextrin,  maltodextrin,  &c.)  have  been  described 
by  dififerent  investigators,  but  they  are  difficult  to  characterize, 
and  much  confusion  exists  as  to  their  individuality.^  It  was 
formerly  believed  that  iso-nudtose  was  also  produced  in  the 
reaction,  but  this  view  is  no  longer  generally  accepted.  Vegetable 
and  animal  diastase  act  equally  well  upon  glycogen  and  upon  starch, 
and  the  products  are  similar. 

Inulase,'  an  enzyme  occurring  in  the  growing  tubers  of  the 
artichoke  and  other  plants,  is  able  to  bring  about  the  conversion 
of  inulin  into  fructose,  but  is  without  action  upon  starch.  The 
other  enasymee  of  this  group,  although  of  the  utmost  importance 
from  a  biological  standpoint,  possess  little  chemical  interest,  as  the 
nature  of  the  reactions  involved  is  still  obscure. 

Enzymes  inducing  iJie  hydrolyeis  oftJie  l>i'  and  Trisaccharoses. 


Smyrna, 

Subebrate, 

Maltase 
(syn.  Glucase) 

Inrertaae 

(syn.  inrertin, 

suerase) 

Lactase 

Maltose 
Cane-sugar 

Lactose 

Trehalase 

Trehalose 

"RaiBnase 

Baffinose 

Helibiase 
Melizitase 

Helibiose 
Melizitose 

Toamnase 

Toiiranose 

Products. 


Glucose 
Fructose,  glucose 


Glucose,  galactose 


Glucose 

Helibiose  and 

fructose 

Galactose,  glucose 

Touranose, 

glucose 

Glucose 


Princ^xU  Occurrence, 


Yeast,  malt,  taka-diastase, 

intestinal  juice 
Yeast  extracts,  many  parts 
of  plants,  fungi,  intestinal 
juice 

Kephir  organism  and  some 
saccliaromyces,  intestinal 
juice 
Penicillium  glauoum 
Aspergillus  niger 
Green  malt 
Yeast  and  Aspergillus  niger 

Froberg  yeast 
AspergiUus  niger 

Aspergillus  niger 


'  Lintner  and  D&ll,  Ber.f  1898,  26,  2683;  Brown  and  Morris,  Trema,  Chem.  Soc., 
1889,  65,  462 ;  1896,  68,  709. 
'  Green,  Armafa  qf  Botany,  1,  223. 
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Mfiltoae  is  one  of  the  most  important  and  widely  distributed  of 
the  enzymes  eoncemed  in  carbohydrate  metabolism.  It  is  found 
in  most  varieties  of  yeast  and  other  fungi,  and  also  in  intestinal 
juioe.  Its  special  action  is  to  conyert  maltose  into  two  molecules  of 
glucose;  it  is  without  action  upon  cane-sugar.  Its  occurrence 
along  with  diastase  in  malt  extracts  explains  the  frequent  presence 
of  glucose  amongst  the  degradation  products  of  starch. 

Maltose  is  not  directly  fermentable  by  yeast ;  for  it  is  necessary 
for  the  maltase  present  in  the  yeast  to  transform  the  maltose  into 
glucose  before  conversion  into  alcohol  and  carbonic  acid  can  occur. 
Since  maltase  is  not  readily  obtained  from  yeast,  unless  the  ceDs 
are  thoroughly  dried  and  then  ground  with  sand  and  water,  it 
follows  that  the  conversion  of  maltose  into  glucose  by  yeast  is  an 
intracellular  change. 

Similarly  it  is  found  that,  before  maltose  can  be  made  use  of  as  a 
source  of  eneigy  by  the  animal  organism,  it  must  be  first  converted 
into  glucose,  a  change  which  is  brought  about  by  the  enzyme 
present  in  the  intestinal  juice. 

The  action  of  maltase  upon  maltose  is  of  special  interest,  for 
it  has  been  shown  by  Croft  HilP  to  be  reversible  (p.  866).  He 
found  that  glucose  in  concentrated  solutions  under  the  influence 
of  maltase  is  partly  converted  into  maltose.  The  same  equilibrium 
mixture  of  maltose  and  glucose  is  produced  whichever  sugar  ia  taken 
as  the  starting-point,  and  is  dependent  upon  the  Qoncentration  of  the 
solutions.  With  solutions  containing  less  than  4  per  cent,  of  sugar 
no  reversion  is  observable.  Some  discussion  has  taken  place  as  to 
the  exact  nature  of  the  sugars  formed  from  glucose.  EmmerUng  * 
considers  that  iso-maltose  is  formed,  whereas  Croft  Hill  main- 
tains that  maltose  and  a  new  disaccharose,  revertosCf  are  produced, 
but  it  is  at  least  certain  that  a  synthetical  process  has  been  brought 
about  by  the  enzyme. 

Maltase  is  also  able  to  bring  about  the  hydrolysis  of  the  a-series  of 
synthetical  glucosides  obtained  by  Fischer,  to  which  reference  will 
be  made  later  (p.  848). 

Trehalase  is  an  enzyme  which  converts  trehalose  into  glucose^ 
and  in  most  respects  resembles  maltase. 

Invertase  is  a  comparatively  stable  enzyme  which,  when  acting 
under  favourable  conditions,  can  convert  more  than  one  hundred  thou- 
sand times  its  weight  of  canensugar  into  glucose  and  fructose.  It  has  no 

^  Trans.  Qum.  Soc,  1898.  78,  684;  1908,  83,  578. 
-  Ber.,  190],  84,600. 
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action  upon  maltose  and  lactose,  but  apparently  can  attack  gentianose, 
a  eomplicated  sugar  which  contains  a  cane-sugar  grouping.  Invertase 
appears  to  play  an  important  part  in  connection  with  the  photo- 
synthetic  production  of  carbohydrates  in  green  plants.  According 
to  Brown  and  Morris^  cane-sugar  is  the  first  stable  carbohydrate 
formed  in  the  S3mthe6isy  and  as  canensugar,  like  maltose,  does  not 
seem  to  be  directly  assimilated  by  the  organism,  it  is  converted  into 
the  assimilable  glucose  by  means  of  the  invertase,  which  is  commonly 
found  in  the  green  parts  of  plants. 

Invertase  is  also  found  in  the  intestinal  juice  of  most  animals, 
and  cane-sugar  taken  by  the  mouth  is  rapidly  converted  into 
glucose  before  absorption*  The  necessity  for  this  is  seen  in  the  fact 
that  cane-sugar,  when  ii^ected  intravenously,  is  excreted,  unchanged, 
in  the  mine. 

Lactase  is  the  enzyme  specially  concerned  in  conversion  of 
lactose  into  galactose  and  glucose.  It  is  found  in  the  intestinal 
juice,  and  occasionally  in  the  pancreatic  secretion  of  animals.  It  is 
much  more  abundant  in  young  mammals  than  in  adults,  but  the 
production  of  lactase  may  be  induced  by  continued  ingestion  of 
lactose.  Its  function  is  similar  to  maltase  and  invertase,  and,  like 
the  former,  its  action  has  been  shown  to  be  reversible.  Fischer 
and  Armstrong,^  by  acting  upon  a  mixture  of  galactose  and 
glucose,  obtained  a  disaccharose,  isolaotose,  which  is  very  closely 
allied  to  lactose.  A  disaccharose  was  also  formed  when  glucose,  but 
not  galactose,  was  present. 

Lactase  is  also  found  in  extracts  from  the  kephir  organisms 
(milk-sugar  yeast)  and  in  certain  saccharomyces.  It  is  remarkable 
that  it  is  commonly  accompanied  by  invertase,  but  seldom  if  ever 
by  maltase. 

The  decomposition  of  raffinose  (melitriose)  into  melibiose  and 
fructose  is  accomplished  by  the  enzyme  raffinose.  The  melibiose 
may  be  further  hydrolysed  by  an  enzyme — mdibuise — ^and  yields 
glucose  and  galactose.  Melibiase  may  possibly  be  identical  with 
maltase.  A  similar  hydrolysis  of  a  trisaccharose  is  met  with  in 
the  conversion  of  melizitose  into  glucose  and  the  disaccharose, 
Umranose,  The  latter  sugar  is  converted  into  glucose  by  means  of 
a  separate  enzyme. 

'  Tram.  Chem.  Soc..  1893,  63,  604. 
>  Ber.j  1902,  86,  3144. 
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Eiugme$  indmeimg  Jn/dnllgnt  tf  GhteomiUi. 


j»«r-^ 

flMftiftiiif. 
AmygdaUn' 

PnimdM. 

FHmeipti  Oommrmm. 

EBIIllcfll 

B«naldehjd«» 

1  Bitter  alBNMidb 
1  AnsgOhM  ni^sr 
(Othsrplante 

ghieoM,and 

LoftMe 

LotusUi 

LotolUTiii, 
gllneoM,  and 

Lotas  azabiena 

Xyrwiii 

Sinigrin 

AUyltiiio^aiiale^ 

Cniei&ne  and  other  ordsn 

(PotaMinm 

pofawlnm  hydio* 

MjTonAte) 

g«n  ralphiite, 
g^neoae 

OanltbtfrMe 

Ganliherin 

M0ibyliaUeylate, 

LeaTes  of  Ganlthena  pro- 

(qrn*  BetaUtfe) 

ghieoae 

eombsns  and  varietiss  of 
Anlea  and  l^iiraea 

Indigo  fennent 
(Indimultiii) 

Indietn 

Indoxyl  and 

Indigo  planta 

indigloein 

TaniiMe 

Tftnnins 

Gallieandellagie 
acids,  glnooae 

Aflpergillns  niger  and  galls 

TanitiA. 

IttiA^tnnjrfiffi . 

Seeds  of  Penoan  benr 

rhamnin 

rhamninoae 

Wk^^^^^^mKm     ^^m     ^"   ^^^  ^^^^^^"^       *   "  "  ^  ^ 

Erythrozyme 

Boberythric 

Alizarin  and 

Madder  plant 

acid 

glucose 

BwgrnM  oawdng  liydrolysis  of  Olmcogid— ■  Amongst  the 
hydxolysing  enzymes  emulsin  is  by  far  the  most  important  and  the 
most  widely  distributed.  It  has  the  property  of  hydrolysing  not 
only  amygdalin,  as  already  mentioned,  bat  also  a  liurge  number  of 
other  glttcosidesy  the  most  important  of  which  are  given  in  the  table 
on  p.  849. 

Emulsin  is  also  able  to  act  upon  certain  synthetical  glucoeides.  It 
will  be  remembered  that  by  the  action  of  various  aloohok  upon 
sugars  in  the  presence  of  hydrochloric  acid,  Fischer  was  able  to 
prepare  two  series  of  stereoisomeric  glucosides,  and  that  the  a-gluoo« 
sides  are  exclusively  attacked  by  maltase  whereas  the  jS-glucosides 
are  exclusively  attadsed  by  emulsin  (p.  829).* 

It  has  been  possible  from  these  results  to  draw  conclusions  as 
to  the  configurations  of  some  of  the  natural  sugars  and  their  deri- 
vatives. Maltose  is  clearly  to  be  regarded  as  an  a-glucoside,  for  it 
is  hydrolysed  by  maltase  and  not  by  emulsin,  whilst  the  observation 
that  emulsin  from  bitter  almonds  brings  about  the  hydrolysis  of 

^  In  many  oases  an  enzyme  may  cause  the  hydrolysis  of  diiferent  substances, 
as  in  the  case  of  emulsin,  which  can  bring  about  the  decomposition  of 
a  whole  series  of  gluoosides.  In  the  tables,  however,  only  one  ^ieal  example 
can  be  given. 

'  Fischeri  Z»iL  phyiiot.  Chtm.^  1898,  20,  61. 
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lactose,  and,  furihery  that  the  enzyme  lactase  acts  upon  )3-niethyl- 
glncosides,  suggests  that  lactose  is  related  to  the  /3-glucosides. 

Alkyl  glucosidesy  derived  from  non-fermentable  sugars  such  as 
glucose,  the  pentoses  and  heptoses,  are  unattacked  by  both  enzymes 
(p.  830). 

It    appears    at   first   sight    a  curious  anomaly  that  amygdalin. 


CRueoside. 

Products  qf  Hydrolysis. 

Amygdalin 

Mandelo-nitrile  glucoside 
Goniferin 

Salioin 

Arbntin 
GlucoTanillin 

Helioin 
Glucoyanillie  acid 

Daphnin 

Aesculin 

Phloridzin 

2  mol.  gluoose,  1  inoL  liydrooyanic  acid,  1  mol. 

benzaldehyae 
1  mol.  glucose,  1  moL  hydrocyanic  acid,  1  mol. 

benialdehyde 
1  mol.  glucose,  1  mol.  coniferyl  alcohol 

>CiH..CH:CH.CHjOH 

1  mol.  glacose,  1  mol.  salegenin 

yOH 

\CH,OH 
1  mol.  glucose,  1  moL  quinol 
1  moL  glucose,  I  mol.  vanillin 

C,H8(OH).(OCH8).Ck^ 

1  mol.  glucose,  1  mol.  salicylaldehyde 
1  mol.  glucose,  1  mol.  vanillic  acid 

HOv 

1  moL  glucose,  1  mol.  daphnetin 

X5H  :CH 

\0 — CO 
1  moU  glucose,  1  mol.  aesculetin 

yCH:CH 
4.6.(OH)jOeH2<^       | 

1  moL  glucose,  1  mol.  phloretin  (the  phloroglu- 
cinol  ester  of  p-hydroxyhydratropic  acid) 

which  from  Fischer^s  early  investigations  was  considered  to  be  a 
maltoside,  and  under  the  influence  of  maltase  was  converted 
into  mandelo-nitrile  glucoside,  should  at  the  same  time  be  attacked 
by  emulsin  like  a  )3-glucoside.  Bourquelot,  however,  concludes 
that  the  sugar  radical  in  amygdalin  is  probably  not  allied  to 
maltose  but  rather  to  a  disaccharose,  gentiohiose,  and  that  emulsin 
preparations  commonly  contain  a  separate  enzyme  gentiobiase.  It  is 
also  probable  that  the  hydrolysis  of  the  fructosides  and  galactosides 
is  brought  about  by  specific  enzymes,  occurring  together  with  the 
enzymes  which  act  upon  the  glucose  derivatives. 
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Until  recently  emulain  was  the  only  enzyme  known  which  pro- 
daoed  hydrocyanic  acid  as  a  result  of  its  action,  but  recently  othw 
*  cyanogenetic '  enzymes  have  been  discoyeredy  notably  Ictaae  by 
Dunstan  and  Henry,^  and  ffynocardinaae  by  Power  and  Lees. 

The  other  enzymes  of  the  class  under  consideration  are  not  of 
such  general  interest  as  emulsin,  although  the  glucosides  upon  iv'Iiich 
they  act  are  of  the  most  diverse  kinds,  as  will  be  seen  from  the 
table.  The  enzyme  which  acts  upon  the  glucostde  'indican'  is 
of  considerable  industrial  importance.  It  was  formerly  believed 
that  indigo- white  was  formed  in  the  reaction,  but  Hazewinkel  * 
states  that  the  product  is  indoxyL  Other  enzymes  which  apparently 
belong  to  this  class  have  been  described  by  Schweitzer.  They 
bring  about  the  hydrolysis  of  substances  known  as  hoUmin  and 
cacaonin,  the  products  being  either  caffeine  or  theobromine  together 
with  glucose  and  a  substance  known  as  kola-red. 

Eneymes  causing  the  hydtvlysis  ofProtemSy  their  derivatives, 

and  the  Purine  bases.^ 


Ensifme, 

Sub$traU, 

Trypsin 

Proteins, 

proteoses  and 

peptones. 

polypeptides 

[Enterokinaae 

Trypsinogen 

Pepsin 

Proteins  and 

some  albu- 

minoids 

Papain 

Proteins 

Bromelin 

Proteins 

Erepsin 

Proteoses, 

peptones 

Arginase 

Arginine 

Guanase 

Guanine 

Adena&e 

Adenine 

Products. 

Principal  Occurrenot. 

Amino-aoids  and 

Pancreatic  seeretion 

simpler  polypep- 
tides 

Trypsin 
(  Proteoses 

Intestinal  juiee] 
Gastric  secretion 

}  Peptones 
(  Amino-acids 

Amino-acids 

Juice  of  Carica  Papaya 

^Vmlno-aoids 

Pine  apple  trmt 

Amino-acids 

Intestinal  muoosa 

Ornitbine  and 

Liver  and  kidney 

lunea 

Xanthine 
Hypoxanthine 

Spleen,  thymus,  and  liver 
Spleen,  thymus,  and  liver 

Trypsin  and  pepsin  are  the  two  most  important  enzymes  con- 
nected with  protein  hydrolysis.  Their  action  is  in  many  respects 
similar,  and  their  points  of  difference  are  quantitative  rather  than 
qualitatiye. 

Pepsin  is  the  enzyme  chiefly  concerned  in  gastric  digestion.  It  is 
secreted  by  glands  in  the  mucous  membrane  of  the  stomach,  and 


^  Dunstan  and  Henry,  Proc  Roy,  Soe.,  1901,  67,  224  ;  68,  874. 
s  Chmn.  Ztg.f  1900,  34,  409. 

*  To  understand  the  nature  of  the  proteins  and  purine  bases,  the  student 
should  read  the  two  chapters  which  follow. 
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acts  best  in  the  presence  of  hydrochloric  acid  (0-2  per  cent.),  which 
is  also  secreted  by  special  cells  in  the  mucous  membrane.  Pepsin, 
under  ordinary  conditions,  causes  a  rapid  hydrolysis  of  the  complex 
proteins  with  the  formation  of  proteoses  and  peptones.  If,  however, 
the  digestion  is  very  prolonged  the  latter  are  to  some  extent  de- 
composed and  the  simple  amino-acids,  such  as  leucine,  tyrosine,  &c.; 
are  formed. 

Trypsin,  on  the  other  hand,  acts  best  in  an  alkaline  medium, 
and,  although  proteoses  and  peptones  are  formed  as  intermediate 
products,  they  rapidly  undergo  further  hydrolysis  producing 
amino-acids,  together  with  certain  polfupeptides  containing  three  or 
four  amino-acid  radicals  linked  together  (see  p.  410).  Trypsin  is 
also  able  to  cause  the  hydrolysis  of  many  of  the  synthetical  poly- 
peptides referred  to  on  p.  412,  particularly  those  obtained  from  the 
amino-acids  of  higher  molecular  weight  Thus,  leucyl-tyrosine 
yields  tyrosine  and  leucine,  and  the  reaction  is  probably  typical  of 
most  of  the  changes  involved  in  the  hydrolysis  of  a  complicated 
protein. 

'  CHgv  /COgH 

>CH.CH2CH(NH2).CO.NH.CH  +  H^O  = 

CH3/  \CH2.CflH4(OH) 

lieucy  1  -tyrosine. 

^\CH.CH2-CH(NH2)C02H  +  CcH4(OH).CH2.CH(NH2).C02H 
CH3/ 

Leucine.  Tyrosine. 

More  definite  evidence  is  available  as  to  the  successive  stages  in 
the  elaboration  of  trypsin  than  is  the  case  with  any  other  enzyme. 
The  production  of  granules,  which  are  believed  ultimately  to  furnish 
trypsin,  may  be  observed  in  the  cells  of  the  pancreas.  The  pure 
secretion  of  the  pancreas  is,  however,  practically  devoid  of  action 
upon  proteins;  but  if  it  be  mixed  with  a  trace  of  intestinal 
juice  a  digestive  fluid  of  extraordinary  power  is  obtained.  The 
researches  of  Pawlow  and  of  Bayliss  and  Starling'  have  con- 
clusively shown  that  the  intestinal  mucosa  furnishes  an  enzyme 
enterokmase  which  has  the  property  of  converting  the  inactive 
trypsinogen,  the  precursor  or  ^zymogen '  of  trypsin,  present  in  the 
pancreatic  juice,  into  the  active  trypsin.  Enterokinase  is  therefore 
a  *  ferment  of  ferments ',  and  at  present  no  other  similar  enzyme  is 
known. 

The  secretion  of  pancreatic  juice,  and  therefore  of  trypsin,  is  not 

>  Bayliss  and  Starling,  Joum.  PhyaM.,  1904,  80,  61 ;  1905,  32,  129. 
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continuous,  but  is  regulated  by  a  simplo  chemical  mechanism 
according  to  the  needs  of  the  organism.  Baylias  and  Starling^ 
hare  been  able  to  prove  that  the  acid  in  the  food  passing  from  the 
stomach  liberates  a  definite  chemical  substance,  secreHny  from  ttie 
cells  of  the  duodenal  mucous  membrane,  and  this,  uptm  absorption, 
evokes  a  profuse  secretion  of  the  pancreas^  containing  all  the  oizymes 
normally  present. 

Besides  trypsin  and  pepsin  many  other  enzymes  are  known  which 
cause  the  hydrolysis  of  proteins.  Most  animal  tissues  contain  in- 
traceUular  proteases,  which  are  also  found  in  many  plants  and 
fruits  (papain,  bromdin)  and  in  some  bacteria.  The  ^camivoroos 
plants'  are  also  able  to  hydrolyse  their  protein  food  by  means  of 
enzymes. 

A  peculiar  enzyme  has  been  described  by  Gohnheim,*  which  is 
said  to  have  the  property  of  causing  the  hydrolysis  of  proteoses 
and  of  peptones,  but  is  without  action  upon  the  ordinary  protein& 
It  occurs  in  the  small  intestine,  and  its  action  is  supposed  to 
supplement  that  of  trypsin,  but  it  has  not  been  very  cardhUy 
studied. 

Arginine  is  constantly  present  in  the  products  of  hydrolysis  of 
proteins.  An  enzyme  arginase,  which  occurs  principally  in  the 
liver,  iB  able  to  decompose  arginine  into  ornithine  and  urea: 

NHg 

/ 
C  -  NH  ->  CO(NH2)2         +  H2N(CH2)3CH(NH8)00^ 

NH(CH2)3CH(NH2)C02H 

Arginine.  Urea.  OmiUiine. 

Arginase  is  also  able  to  convert  guanidine  into  urea  and 
ammonia.  It  is  the  only  urea-forming  enzyme  which  has  so  &r 
been  isolated,  but  it  is  very  probable  that  others  exist.' 

Many  tissues  also  contain  enzymes  which  are  able  to  remove 
ammonia  from  the  amino-acids  resulting  from  protein  hydrolysis* 
This  reaction  is  of  great  biological  importance,  but  it  has  not  yet 
been  possible  to  follow  the  changes  completely. 

The  question  of  the  existence  of  enzymes  which  act  upon  the 
purine  bases  (see  p.  867)  has  recently  attracted  much  attention,  and  at 
least  one  definite  enzyme,  gua/nastf  has  been  isolated  by  Jones,*  whidi 
is  able  to  convert  guanine  into  xanthine  with  loss  of  ammonia. 

*  Joum.  PkyBioL,  1002,  28,  825. 

*  ZeitphysioL  Chem,f  1908,  36,  184. 

*  Koasel  and  Dakin,  ZHt.  physioL  atmn.f  1904,  41,  821. 

*  ZeiLphysiol,  Chem,,  1904,  43,  85  and  848. 
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HN— CO  HN— CO 

•      I  i      I 

HN  =  C     C— NH         +  H,0  =  OC    C— NH  +  NH3 

I       II        VtT  I       "         \CH 

HN— C— N/^^  HN-C— N^^^ 

Goanine.  Xanthine. 

In  a  similar  fashion  adenine  is  converted  into  hypoxanthine, 
although  it  is  not  quite  certain  whether  this  change  is  due  to  the 
same  enzyme  that  acts  upon  guanine  or  to  a  specific  adenoses 

There  is  also  some  evidence  of  the  existence  of  enzymes  occurring 
among  the  products  of  hydrolysis  of  nucleic  acids  which  act  upon 
the  pyrimidine  bases,  such  as  cytosine. 

The  purine  and  pyrimidine  bases  are  also  attacked  by  oxidising 
enzymes  accompanying  guanase  and  adenase,  and  will  be  referred  to 
under  the  head  of  '  oxidases '. 

Two  important  enzymes,  which  have  not  yet  been  considered,  are 
urease  and  lipase.     Urease  converts  urea  into  ammonium  carbonate. 

NHa  ONH4 

CO  +2HaO  =  do 

[Hg  ONH4 

The  enzyme  is  found  in  media  in  which  the  micrococcm  ureae  or 
certain  other  organisms  have  grown,  and  is  responsible  for  the 
animoniacal  fermentation  of  stale  urine.  The  enzyme  readily  diffuses 
from  the  cells  of  the  dead  organisms,  and  may  be  roughly  isolated  by 
precipitation  of  the  filtered  liquid  with  alcohol.  The  conversion 
of  ammonium  carbonate  into  urea — ^the  opposite  change  to  that 
brought  about  by  urease — ^is  known  to  take  place  in  the  animal 
hody.  The  change  may  be  shown  to  occur  when  a  '  surviving  liver ' 
is  perfused  with  blood  containing  ammonium  carbonate  or  carbamate, 
but,  up  to  the  present,  it  has  not  been  possible  to  isolate  the  enzyme 
or  to  demonstrate  the  reaction  except  in  the  presence  of  intact  liver 
cells. 

Lipase  is  a  widely  distributed  enzyme,  and  has  the  property  of 
causing  the  hydrolysis  of  fiEtts  and  certain  derivatives  of  fats  such 
as  lecithin.  It  is  found  in  the  pancreatic  juice,  liver,  and  blood 
of  animals,  and  in  most  oily  seeds,  particularly  during  germina- 
tion. There  appear  to  be  distinct  differences  between  the  enzymes 
from  different  sources.  Lipase  is  not  only  able  to  hydrolyse  fats, 
but  also  many  esters,  such  as  ethyl  acetate,  ethyl  carbonate,  ethyl 

^  Cp.  Schittenhelm,  ZtiU  physiol,  Qiem,,  1906,  45, 121  and  152. 
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salieylate,  salol,  &c.  If  a  d^e6ter  of  an  asymmetxical  acid  be 
hydro! jBed  by  lipase,  the  two  forms  are  attacked  at  unequal  laies' 
(see  p.  79);  a  simihir  selective  hydrolysis  has  been  obsenred  by 
Fischer  in  the  hydrolysis  of  racemic  polypeptides  by  txypsin. 
The  action  of  lipase  has  been  shown  to  be  reversible  (see  p.  366). 

It  has  been  stated  that  lipase  may  be  separated  into  two  sab- 
stances — ^a  heat-stable  dialysable  substance  and  an  unstable  non- 
dialysable  substance.  Neither  body  alone  is  able  to  bring  about  thfi 
hydrolysis  of  esters,  but  the  reaction  takes  place  in  the  presence  of 
both  substances.  Many  other  facts  are  known  which  support  the 
idea  that  enzyme  activity  in  general  is  due  to  two  or  more  substanceB 
acting  conjointly,  and  in  some  cases  the  second  substance  or  co^fermmi 
appears  to  be  inorganic  (see  p.  360). 

The  Oxidising  Eneymes  (Oxidase^ 


Efwyme, 

Substrate. 

Products. 

Prindpal  Source, 

Alcohol  oxidase 

Alcohol 

Acetic  acid 
(Acetaldehjde) 

Bact.  Xylinum 

Bact  Aoeti,  && 

AldehydiMe 

Aldehydes 

Acids 

Liver 

TjTounase 

Tyrosine 

(    Homogentisic 
]      ncid,  Black 
( colouring  matter 

Plants,  e.g.  Dahlia,  oertain 

fungi 

Laocase 

Urushic  acid 

Varnish 

Jnioe  of  lac-tree 

Xanthine- 

(  Xanthine 

Uric  acid 

Liver  and  spleen 

oxidase 

{  Hypoxan- 
(     thine 

Urioolase 

Uric  acid 

AllantoinS 

Liver 

The  oxidases  are  an  ill-defined  class  of  enzymes,  which  enable 
free  oxygen  to  effect  oxidations  which  would  not  otherwise  take 
place.  Although  oxidation  must  obviously  play  an  extremely 
important  part  in  the  metabolism  of  living  cells,  our  knowledge 
of  the  mechanism  of  the  process  is  extremely  meagre.  This  is 
partly  due  to  the  fact  that  it  is  only  in  comparatively  few  cases 
that  the  action  of  an  oxidising  enzyme  has  been  followed  under 
fairly  normal  conditions  It  is  well  known  that  many  animal 
tissues  are  able  to  convert,  to  some  extent,  aldehydes  into  acids, 
a  change  which  has  been  studied  with  benzaldehyde,  salicylaldehyde^ 
and  formaldehyde ;  the  presence  of  oxidases  is  also  inferred  from 
the  fftct  that  the  same  tissues  are  able  to  form  indophenol  colouring 


^  Dakin,  Jourru  f^f  Physiol.,  1908,  SO,  263 ;  1905,  32, 199 ;  Proc.  Chem.  Soc,190$» 
19,  161. 
*  Beitr.  chem.  pkys.  u.  path.,  1907,  0,  295. 


OXIDISING  ENZYMES 


355 


matters  when  they  are  digested  with  an  alkaline  mixture  of 
a-naphthol  and  alkyl  2>-phenylenediamine&  It  is,  however,  ques- 
tionable as  to  how  far  results  obtained  by  reactions  of  this  nature 
are  comparable  with  those  effected  by  the  eniymes  working  under 
normal  conditions  and  acting  upon  their  usual  substrates. 

Acetic  fermentation  is  one  of  the  simplest  biochemical  oxidations, 
and  is  readily  brought  about  by  bacillus  aceti  and  other  bacteria. 
The  conversion  of  alcohol  into  acetic  acid  by  the  organism  appears 
to  take  place  in  stages,  as  acetaldehyde  is  frequently  formed.  The 
bacillus  aceti  is  not  only  able  to  oxidise  alcohol,  but  can  convert 
glucose  into  gluconic  acid,  glycol  into  glycollic  acid,  and  mannitol 
into  fructose.  Another  organism,  B.  xylinum,  which  commonly 
causes  acetic  fermentation  is  said  to  be  identical  with  the  'sorbose 
bacterium '  of  Bertrand,  rofetred  to  on  p.  299. 

The  sorbose  bacterium,  in  addition  to  its  action  on  polyhydrio 
alcohols,  is  able  to  oxidise  many  aldehydes  to  the  corresponding 
acids,  and  if,  as  in  the  case  of  gluconic  acid,  a  secondary  alcohol 
group,  capable  of  attack,  is  present,  the  iinal  product  of  the  reaction 
will  be  a  ketonic  acid. 


CH,OH 


CH,OH 


OH- 

OH- 

H- 

OH 


-H 
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OH 
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OH- 

OH- 

H- 

OH 


COH 
Oluoose. 


H 
H 


-OH 


OH- 
H 


CH.OH 

I 
CO 


H 


-H 


OH- 


COOH 
Olttoonio  acid. 


-OH 


CXX)H 
Oxyglnoonie  aeid. 


Oxidation  in  the  absence  of  the  living  cells  has  been  recently 
obserred  by  Buchner  and  Heisenheimer,*  who  were  able  to  prepare 
an  active  preparation  from  the  cells  of  the  dead  bacteria,  and  there 
can  be  little  doubt  that  the  active  agents  in  these  changes  are 
^uymee,  comparable  in  every  way  with  those  that  cause  alcoholic 
fermentation. 

Tyrosinase  and  laccaae  are  vegetable  oxidases  which  are  closely 
allied  and  often  occur  together.  The  former  converts  tyrosine 
(a-amino-j8-hydroxyphenyl>propionic  acid),  a  common  constituent  of 
proteins,  into  a  black,  insoluble  substance,  of  unknown  constitution, 


'  B*r.,  1908,  se,  684. 

A  a2 


366 


FERMENTATION  AND  ENZYME  ACTION 


the  fonnation  of  which  appears  to  be  preceded  by  that  of  2-5  difay- 
droxyphenylacetic  acid  (honu^^tisic  acid). 

CHj .  CH(NHj)COOH  CH, .  COOH 


I 


Tjrpoaine. 


AoH 


HQl 


\/ 


2«5  DihydrozyphenjUeetic  acid 
(Homogentisic  acid). 

This  reaction  indicates  a  curious  shifting  of  the  position  of  the  pan 
hydrozyl  group.  It  is  of  interest  to  note  that  in  certain  pathological 
conditions  the  tyrosine  present  in  protein  food  is  converted  into 
homogentisic  acid,  which  is  found  in  the  urine.  Laccase  converts 
unishic  acid,  contained  in  the  light  coloured  juice  of  the  lao-tree, 
into  a  deep  black  varnish-like  substance  of  unknown  composition. 
Both  tyrosinase  and  laccase  are  also  able  to  oxidise  polyhydric  phenols, 
such  as  pyrogallol  and  quinol,  but  laccase  is  without  action  upon 
t3rrosine. 

Two  distinct  oxidases  are  known  which  are  concerned  in  the 
oxidation  of  substances  belonging  to  the  purine  group.  The  first  is 
named  xanthine^oxidctse,  and  is  able  to  bring  about  the  oxidation 
of  xanthine  or  hypoxanthine  to  uric  acid,  whilst  the  second  enzyme 
carries  the  oxidation  of  uric  acid  further,  forming  products  among 
which  allantoin  has  been  identified.  Xanthine-oxidase  occurs  alone 
in  the  spleen,  but  both  enzymes  are  found  together  in  the  liver.  The 
existence  of  enzymes  (guanase,  adenase)  which  can  convert  guanine 
and  adenine  into  hypoxanthine  and  xanthine  has  already  been 
mentioned  (p.  352),  and  it  is  therefore  clear  that  by  the  combined 
action  of  these  ferments  it  is  possible  to  convert  any  of  the  four 
xanthine  bases,  commonly  occurring  in  the  animal  body,  into  uric 
acid,  a  fact  which  is  doubtless  of  great  physiological  significance. 


NH— CO 

I       I 
HN :  C     C— NH 

HN— C— N/^^^ 

Guanine. 


HN— CO 


Guanaae 


I    I 


00 

I     n 

HN— C— N/ 
Xanthine. 
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I      II  >00 
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The  large  part  that  glucose  plays  in  cell  metabolism  long  ago 
suggested  that  enzymes  must  exist  which  have  the  power  of  oxidising, 
or  at  least  deoomposing,  the  simpler  sugars.  A  number  of  these 
bodies  haye  been  described  under  the  name  of  glycolytic  mzymes. 
Unfortunately,  the  experimental  difficulties  connected  with  this  kind 
of  investigation  (arising  from  bacterial  contamination)  are  so  great 
that  grave  doubts  are  entertained  as  to  the  correctness  of  many  of 
the  results.  Certain  investigatorsy  such  as  Stoklassa  and  Czemy,^ 
assert  that  these  enzymes  are  widely  distributed ;  Cohnheim '  and 
others  are  of  opinion  that  their  action  may  be  observed  in  prepara- 
tions obtained  from  a  certain  combination  of  tissue  extracts,  whilst 
Clans  and  Embden'  have  completely  &iled  to  confirm  any  of  these 
results.  Until,  therefore^  further  experimental  evidence  is  available, 
it  is  impossible  to  come  to  a  definite  conclusion,  but  it  is  at  least 
certain  that  excellent  a  priori  grounds  exist  for  believing  that 
imiportant  enzymes  of  this  type  actually  occur. 

It  has  usually  been  assimied  that  the  colourless  products  resulting 
from  the  hydrolysis  of  indican  were  converted  into  indigo-blue, 
through  the  action  of  a  specific  oxidase  contained  in  the  leaves  of  the 
indigo  plant ;  but  the  separate  existence  of  this  enzyme  has  recently 
been  questioned. 

That  most  vegetable  and  animal  tissues  possess  the  power  of 
causing  the  decomposition  of  hydrogen  peroxide  has  been  known  for 
a  long  time.  It  seems  likely  that  this  reaction  is  due  to  a  special 
enzyme  catalasej  which  has  been  roughly  isolated  in  two  different 
forms  by  Loew.  Certain  other  oxidases,  however,  are  also  able  to 
produce  the  same  decomposition.  Catalase  has  usually  been  classed 
amongst  the  oxidases,  but  it  is  questionable  if  the  enzyme  plays 
any  part  in  oxidative  processes ;  more  probably,  its  function  is  to 
remove  the  traces  of  hydrogen  peroxide,  which  are  constantly 
formed  as  a  by-product  in  other  oxidations. 

Many  other  vegetable  oxidases  have  been  described,  including  the 
so-called  '  peroxidases '  which  activate  hydrogen  peroxide  and  possibly 
other  peroxides,  and  so  induce  reactions  which  the  peroxide  alone 
could  not  accomplish.  Numerous  systems  for  classifying  these 
enzymes  have  been  proposed,  but  they  have  at  present  a  limited 
chemical  interest,  for  it  is  not  clear  what  type  of  reaction  they 
normally  induce  nor  upon  what  kind  of  substances  they,  act.^ 

>  Ceniralb,  f.  PAyiioL,  18,  798.  *  ZHL  physioL  Chtm,,  1904,  42,  401. 

*  BeUr,  s.  p^MoL  u.  p<Uh.  Chan.,  1906,  6,  214. 

*  A  review  of  work  upon  the  vegetable  oxidaaes  will  be  found  in  a '  Sammel- 
referat'  by  Bach  and  Choidat,  Biocfiem,  CeniraljbL  i,  1908,  Noe.  11  and  12. 
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The  property  which  some  animal  tissues  possess 
of  effecting  certain  reductions,  such  as  the  conyersion  of  the  cohnuing 
matter,  methylene  blue,  into  a  colourless  leuco-base,  has  long 
been  known ;  but  it  has  not  been  possible  to  satis&ctorQy  isolate 
the  reducing  agent*  Bey-Pailhade  has  shown  that  certain  organisms, 
such  as  yeast,  are  able  to  convert  free  sulphur  into  hydrogen  sulphide^ 
and  this  is  beliered  by  some  to  be  caused  by  a  reducing  enzyme. 
The  conyersion  of  nitrates  into  nitrites  and  of  nitrobenzene  into 
aniline  has  also  been  carried  out  with  extracts  of  animal  tissues, 
but  the  satisfactory  isolation  of  a  reducing  enzyme  has  not  yet  been 
accomplished. 

AlfifthftUff  Femiantation.  Alcoholic  fermentation  has  been 
studied  more  eztensiyely  than  perhaps  any  other  biochemical  change, 
and  a  brief  outline  of  some  few  of  the  earlier  investigations  has  already 
been  given.  The  various  chemical  reactions  involved  in  the  con- 
version of  glucose  into  alcohol  and  carbon  dioxide  are  not  easy  to 
picture,  and  various  hypotheses  have  been  suggested  at  different  timea 
It  will  be  seen,  on  comparing  the  structure  of  the  sugar  and  of  the 
resulting  products,  that  intramolecular  rearrangements  of  a  peculiar 
kind  must  occur,  for  although  the  final  result  of  the  reaction  cannot 
be  considered  either  as  an  oxidation  or  as  a  reduction,  yet  both 
oxidation  and  reduction  of  some  of  the  groups  attached  to  different 
carbon  atoms  must  take  place.  As  long  ago  as  1870  Baeyer  ^  suggested 
a  scheme  in  which  some  of  the  oxygen  molecules  of  the  sugar  were 
supposed  to  'wander',  and  this  intramolecular  change  was  ascribed 
to  the  production  of  a  hypothetical  substance  which  was  rendered 
unstable  by  the  local  accumulation  of  the  oxygen  atoms,  and  which 
could  therefore  be  readily  resolved  into  simpler  products.  Quite 
recently  Buchner  and  Meisenheimer*  concluded,  from  the  fact 
that  a  little  lactic  acid  is  constantly  formed  during  alcoholic  fermen- 
tation, that  this  substance  is  an  intermediate  product  in  the  reaction. 
Sightly  modifying  Baeyer's  hypothesis,  they  represented  the  forma- 
tion  of  lactic  acid  as  derived  from  a  h3rpothetical  dihydroxy  y*ketome 
acid  : 

CHofOH) .  CH(0H)4 .  CHO  -► 
CH..OH(OH).CO.CH;.CH(OH).CO:H  -.  2CH..CH(OH).0O^ 

At  about  the  same  time  experimental  evidence  of  the  mechanism  of 
the  conversion  of  glucose  into  lactic  acid,  by  purely  chemical  means, 

»  B$r.,  1870,  8,  63.  •  S«r.,  1904,  87,  417, 


ALCOHOLIC  FERMENTATION  369 

ivas  obtained  by  Nef,^  who  was  able  to  show  that  pyruvio  aldehyde 
-was  an  intermediate  product  of  the  action  of  caustic  soda  upon 
glucose — a  reaction  which  had  long  been  known  to  yield  lactic  acid. 
It  is  of  interest  to  note  in  this  connection  that  traces  of  alcohol  are 
formed)  imder  certain  conditions,  when  caustic  soda  acts  upon  inyert 
sugar.  Enoop  and  Windaus*  have  also  shown  that  pyruvic 
aldehyde  is  apparently  readily  formed  from  glucose.  They  proved 
that,  when  zinc  ammonium  hydroxide  acts  upon  glucose  in  sunlight 
at  the  ordinary  temperature,  a  large  quantity  of  methyliminazole  is 
produced,  and  the  production  of  this  substance  is  readily  explained 
on  the  assumption  of  the  intermediate  formation  of  pyruvio  aldehyde 
and  of  formaldehyde* 

CSq  CHo 

I  '  I  ' 

CO  +  NH3  H  C NH 

HCO  +  NH3  ^     '    \h     "     CH— N A^^  +  ^^2^ 

It  therefore  appeared  not  improbable  that  pyruvic  aldehyde  might 
be  an  intermediate  product  in  the  breaking  down  of  the  sugar  mole- 
cule in  alcoholic  fermentation,  and  Buchner  and  Meisenheimer '  have 
recently  supported  this  view.  According  to  Wohl  the  formation  of 
lactic  acid  may  be  represented  as  follows  : 

CH8(OH).(CHOH)4.CHO    ->    2CH2(OH) . CH(OH) . CHO     "^^ 

CHg.CO.CHO     t^^    CH8.CH(OH).C02H 

Glyceric  aldehyde,  which  is  supposed  to  be  first  formed,  parts 
with  water  and  gives  pyruvic  aldehyde.  The  latter  then  reunites 
with  the  elements  of  water  forming  lactic  acid.  The  conversion 
of  lactic  acid  into  alcohol  and  carbon  dioxide  is  an  easily  understood 
change,  and,  according  to  Buchner,  separate  enzymes  may  be  con- 
cerned in  its  formation  and  decomposition.  The  formation  of 
glyceric  aldehyde  as  an  intermediate  product  and  its  fermentability 
by  yeast  is  not  compatible  with  Wohl's  view  ;*  but  if  the  supposition 
is  correct,  it  is  difficult  to  explain  why  lactic  acid  itself  is  practically 
non-fermentable.  This,  however,  need  not  imply  that  in  the  intramole- 
cular rearrangements  of  the  sugar  molecule  a  'potential'  formation 

^  Afmabm,  1904,  886,  254,  279. 

«  BeUr.  s,  Chmn.  Phy$.  u.  Path.^  1906,  6,  892. 

'  Bsr.,  1906,  88,  620. 

*  Ber.f  1898,  81, 1800.  Emmerling  has  denied  the  statement  that  yeast  is  able 
to  ferment  glyoeroiie,  and  sUtee  that  perfectly  fresh  <  glyoeroee '  does  not  ferment 
unless  warmed  or  treated  in  some  way  which  might  cause  condensation  and 
so  give  rise  to  a  fermentable  hezose.  Bertrand  has,  however,  shown  recently 
that  pure  ^yoerose  does  ferment,  but  with  dii&culty. 
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of  lactic  acid  does  not  occur ;  in  other  words,  the  arrangement  of 
the  atoms  at  a  particular  stage  may  be  such,  that  if  the  raacticii 
then  ceased  lactic  acid  would  be  formed. 

A  &ct  of  extreme  interest,  as  showing  the  relation  existing  between 
enzymes  and  the  molecular  configuration  of  the  substances  upon 
which  they  act,  is  the  observation  that  only  sugars  with  8,  6,  or  9 
carbon  atoms  can  undergo  fermentation,  and  also  that  among  tiw 
hexoees,  only  the  four  naturally  occurring  sugars,  d-galactoae^ 
i^mannose,  li^lucose,  and  d-fiructose,  which  have  closely  related 
configurations,  are  directly  fermentable  (p.  826). 

As  previously  mentioned,  the  first  convincing  evidence  of  the 
dependence  of  alcoholic  fermentation  on  an  enzyme,  comparable  In 
every  way  with  '  unorganised  ferments',  was  furnished  by  Buchner. 
Buchner's  method  consists  in  rupturing  the  cells  by  grinding  the 
yeast  with  sand  and  kieselguhr  (diatomaceous  earth),  and  than 
expressing  the  juice  under  very  high  pressure.  The  cell-free  juice 
or  '  press  juice '  so  obtained  is  able  to  ferment  a  limited  amount 
of  sugar.  The  small  quantities  of  succinic  acid,  which  are  produced 
in  ordinary  yeast  fermentation,  are  apparently  not  formed  in  the 
absence  of  living  cells,  although  traces  of  glycerine  occur. 

A.  Harden  and  W.  T.  Young  ^  observed  that  the  addition  of  old 
or  boiled  cell  jiiice,  which  contained  no  enzymes,  greatly  increased 
the  fermenting  activity  of  fresh  cell  juice.  Further  investigation 
showed  that  the  activating  substance  was  a  complex  organic  phos- 
phate. E.  Buchner,  as  well  as  Harden  and  Young,  found  that 
a  similar  effect  could  be  obtained  by  the  addition  of  inorganic  phos- 
phates. An  activating  substance  of  this  kind  is  often  referred  to  as 
a  co-ferment, 

Buchner  and  Albert  found  that  yeast  cells  may  be  killed 
by  treatment  with  alcohol  and  ether  or  with  acetone,  without 
destroying  the  intracellular  enzymes.  Preparations  of  this  kind  are 
much  more  active  than  those  derived  from  the  juice  obtained  by 
pressure. 

Aoid  Fermentationa.  In  addition  to  acetic  fermentation,  which 
has  already  been  mentioned,  several  feimentations  are  known  in 
which  substances  belonging  to  the  carbohydrate  group  are  converted 
into  hydroxy-acids  or  acids  of  the  acetic  series.  The  production  of 
acids,  especially  lactic  acid,  in  many  fermentative  processes  was  early 
recognized,  but  it  was  reserved  for  Pasteur  to  show  the  connection 

^  Proe.  PhvM.  Soc,  Nov.  1904,  1-2 ;  Jotim.  Pky$ioU  1904,  82, 1 ;  Proc,  Cfmi,  Soc, 
1905,  21,  189. 


ACID  PEBMENTATIONS  861 

oxistmg  between  specific  organisms  and  the  production  of  lactic  acid, 
and  also  to  prove  that  the  process  was  quite  distinct  from  alcoholic 
fermentation.  The  power  to  produce  lactic  acid  from  sugars  is  not 
oonfined  to  the  £,  acidi  lactici  of  Pasteur,  but  is  shared  by  quite 
a  large  number  of  organisms  of  various  kinds,  though  the  relative 
yields  of  lactic  acid  vary  enormously  with  different  bacteria.  The 
reaction  is  brought  about  by  an  enzyme,  which  has  been  shown 
to  be  active,  even  after  the  cells  of  the  organism  have  been  killed 
by  acetone.^ 

Iiactic  acid  may  be  formed  from  glucose,  fructose,  galactose,  and  at 
least  one  pentose,  rhamnose;  also  frx>m  mannitol,  dulcitol,  and 
sorbitol,  as  well  as  from  inositol  (hexahydroxy-hexahydrobenzene). 
The  manner  in  which  lactic  acid  is  produced  from  sugar,  already 
discussed  in  connection  with  alcoholic  fermentation,  is  not  easy  to 
understand  (cp.  p.  858).  If  the  view  there  put  forward  is  correct, 
the  lactic  acid  should  be  inactive,  as  the  asymmetry  originally 
present  in  the  sugar  molecule  is  lost  Until  recently  this  was 
commonly  assumed  to  be  the  case,  but  M<^Kenzie  *  has  found  that 
most  fermentation  lactic  acid  is  distinctly  dextro-rotatory.  This 
result  might,  however,  be  explained  on  the  basis  of  an  initial 
formation  of  inactive  lactic  acid,  followed  by  a  selective  conversion 
of  a  portion  of  the  laevo-acid  into  other  products.  Frankland 
and  MacGregor'  have,  in  fact,  shown  that  such  a  resolution  of 
inactive  lactic  acid  may  be  brought  about  by  some  organisms. 

Buiyric  fermentation  is  associated  with  separate  organisms  from 
those  that  cause  lactic  fermentation,  but  the  two  classes  of  bacteria 
are  frequently  found  together.  Butyric  acid  is  formed  from  lactic 
acid  and  also  from  a  large  number  of  those  substances  which 
readily  yield  lactic  acid  under  the  influence  of  bacteria.  The 
mechanism  of  butyric  fermentation,  which  is  usually  accompanied 
by  the  evolution  of  hydrogen,  is  much  more  complicated  than  that 
of  acetic  or  lactic  fermentation. 

Under  the  influence  of  certain  other  organisms  lactic  acid  may  be 
made  to  yield  other  saturated  acids,  such  as  acetic,  propionic,  and 
valeric  acids.  Special  organisms  are  also  known  which  form  citric 
and  oxalic  acids,  when  grown  in  glucose  solutions,  but  the  chemistry 
of  these  reactions  is  still  obscure.^ 

1  Baehner  and  Meisenheimer,  JBsr.,  1908,  86,  684 ;  Herzog,  ZHt,  physiol.  Chem., 
1908,  87,  881. 

*  Trans.  Chem,  Soc,  1905,  87,  1878. 

*  IVafis.  Chtm.  £toc,  1898,  68,  1028.  x 

*  A  very  large  amount  of  work  has  been  devoted  to  following  the  bioohemioal 
changes  which  the  lower  organisms  are  able  to  effect.    Reactions  like  those 
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Olottmif  Ferments.  Beference  must  be  made  to  a  curious  dass 
of  enzymes  which  bring  about  the  clotting  of  certain  subflianee& 
The  best  known  of  these  are  thrambasey  the  blood  clottiag  ferment, 
rrnnin^  which  causes  the  clotting  of  milk,  and  pedase^  which  acts  npon 
certain  complicated  carbohydrates  occurring  in  plants.  In  the  ease  of 
all  of  these  enzymes  it  is  found  that  calcium  salts  play  an  important 
part  in  the  reaction.  In  the  case  of  thrombase  the  calcium  salts 
appear  to  conyert  the  zymogen,  or  precursor  of  the  enzyme^  into 
the  active  enzyme,  just  as  enterokinase  converts  tiypeinogen  into 
trypsin,  with  the  difference  that  enterokinase  has  itself  the  properties 
of  an  unstable  enzyme.  The  calcium  salts  may  be  said  to  act  as  a 
'  co-ferment  '•  The  clotting  of  blood  is  a  phenomenon  which  has 
been  closely  studied  by  physiologists,  and  consists  in  the  conversion 
of  a  colourless,  globulin-like  substance,  >?&rtno>0reny  into  a  white  stringy 
protein  fibrm.  It  has  been  possible  to  roughly  isolate  the  zymogen 
of  the  enzyme,  and  to  observe  its  conversion  into  active  thrombase 
on  addition  of  calcium  salts. 

The  action  of  rennin  appears  to  be  somewhat  different.  Bennin 
is  chiefly  derived  from  the  gastric  mucosa  of  mammals,  and  has 
been  used  for  a  very  long  time  for  curdling  milk  in  the  manufacture 
of  cheese.  The  enzyme  is  formed  from  a  zymogen  by  the  action 
of  the  acids  of  the  stomach,  and  not  by  the  action  of  calcium  salts, 
as  in  the  case  of  thrombase.  The  clotting  of  milk  or  of  a  caseinogen 
solution  involves  two  distinct  reactions — ^firstly,  the  converaion  by 
the  enzyme  of  the  caseinogen  into  a  soluble  protein  closely  allied 
to  casein,  and  secondly,  the  conversion  of  this  substance  into  an 
insoluble  clot  by  the  action  of  calcium  salts. 

If  a  solution  of  caseinogen,  free  from  calcium  salts,  is  digested 
with  pure  rennin  no  clotting  occurs,  but  if  traces  of  calcium  salts 
are  added,  the  liquid  may  be  caused  to  clot  even  after  the  enzyme 
has  been  destroyed  by  boiling.^  It  is  not  certain  whether  the 
reactions  brought  about  by  the  clotting  enzymes  involve  simply 
a  change  in  physical  condition,  or  whether  some  chemical  reaction 
takes  place  as  welL 


brought  about  by  the  uitrifyicg  bacteria  are  of  the  utmoat  economic  importanoei 
whilst  the  nubstanoes  produced  by  the  different  putrefactive  and  pathogenic 
bacteria  have  an  important  bearing  upon  the  causation  of  disease.  Reference 
should  be  made  to  works  on  Bacteriology  for  particulars  of  these  and  similar 
topics,  which  would  be  beyond  the  scope  of  this  essay. 

^  To  avoid  confusion  it  is  important  to  remember  that  many  continental 
writers  employ  Hammarstein's  nomenclature,  and  term  the  original  substance 
acted  upon  by  the  enzyme  '  casein  *  and  the  product  of  the  action  of  the  enzyme 
*  paracasein  *. 
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Anti-fiiuiyiiiMi.  Mention  must  be  made  of  this  interesting  class 
of  mibstances,  the  existence  of  which  has  only  recently  been  definitely 
established.  The  anti-enzymes  are  of  importance  since  they  form 
a  connecting  link  between  the  toxins  and  enzymes.  It  is  well  known 
that  if  an  animal  is  injected  with  small  but  gradually  increasing 
quantities  of  the  poisonous  toxins,  extracted  from  the  cells  of  an 
organism,  such  as  that  which  causes  tetanus,  the  animal  rapidly 
acquires  a  degree  of  immunity,  which  in  some  cases  is  very  great.  It 
is  found  that  this  immunity  is  due  to  the  production  of  definite  sub- 
stances, which  may  be  found  in  the  blood,  and  which  have  the  power 
of  combining  with  the  toxin,  and  so  preventing  its  further  action. 
These  bodies  are  known  as  anti-toxins,  and  are  of  the  greatest  impor- 
tance in  pathology.  In  a  similar  way  it  is  found  that  injection 
of  certain  enzymes  into  an  animal  is  followed  by  the  appearance 
in  the  blood  of  substances  which  are  able  to  inhibit  the  reaction 
normally  brought  about  by  the  enzyma  For  example,  it  is  found 
that  blood-serum  containing  anti-pepsin  has  a  powerful  action  in 
hindering  or  almost  entirely  preventing  the  action  of  pepsin  upon 
proteins.  Some  of  these  anti-hodies  are  of  great  importance;  for 
their  presence  in  the  blood  explains  the  resistance  of  protein  con- 
taining tissues  of  the  body  to  the  protein  digesting  enzymes  of  the 
alimentary  tract. 

So  fear  it  has  been  possible  to  obtain  anti-bodies  for  the  following 
enzymes  :  trypsin,  pepsin,  lipase,  emulsin,  urease,  lactase,  tyrosinase, 
thrombase,  and  rennin.  These  anti-bodies  are  essentially  specific — 
that  is,  they  only  inhibit  the  action  of  the  particular  enzyme  used  in 
their  preparation.  The  '  lock  and  key '  simile  of  Fischer  might  be 
applied  to  the  enzymes  and  anti-bodies  as  well  as  to  the  enzymes 
and  their  substrates.  It  has  been  possible  to  distinguish  enzymes 
such  as  ^niTnal  and  vegetable  rennin^  which  are  otherwise  indis- 
tinguishable, owing  to  the  fact  that  their  respective  anti-bodies  were 
not  interchangeable,  and  this  biological  method  of  investigation  will 
no  doubt  be  of  service  in  the  future. 

Xcoliaiiini  of  Sna^jme  Action.'  It  has  already  been  pointed  out 
that,  according  to  the  law  of  mass  action  applied  to  monomolecular, 
non-reversible  changes,  the  following  equation  holds  (p.  208) : 

ft-llog 


t        a-x 

*  Morgenroth,  CentraXb.  d.  BakUr.y  26,  849;  27,  721. 

'  For  the  kineiios  of  enzyme  ftction  see  Ckemieal  Statics  and  DynamieSy  p.  853, 
by  J.  W.  Mellor.    (Longmans.) 
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Wilhelmy/  in  his  classical  investigation  which  appeared  in  1850, 
showed  that  the  inversion  of  cane-sugar  by  acids  follows  the  mass 
law. 

The  process  iB  represented  by  the  following  equation,  which  is 
apparently  dimoleci 

+  H2O   aas   CoHx20q  +  G0Hi2Oe 

ir«  Gluoose.      Fructose. 

But  if  the  solution  is  dilute  the  amount  of  water  is  practically 
constant,  and  the  reaction  may  therefore  be  treated  as  monomolecular 
and  it  is  also  non-reversible. 

By  observing  the  change  of  rotation  on  the  addition  of  a  minute 
quantity  of  hydrochloric  acid  the  following  numbers  were  obtained : 


in  minutes. 
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00 
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The  velocity  {k)  is  constant,  or,  in  other  words,  with  a  decreasing 
quantity  of  cane-sugar  there  is  a  proportionate  decrease  in  the 
quantity  inverted  in  unit  of  time,  and  the  curve  represented  by  the 
values  of  t  and  x  is  logarithmic. 

Other  acids  give  similar  results,  although  the  rate  of  inversion 
varies  with  different  acids.  As  the  rate  of  inversion  appears  to  be 
direcUy  proportional  to  the  electrical  conductivity  of  the  acids  in 
question,  the  process  has  been  ascribed  to  the  action  of  hydrogen 
ions,  though  it  does  not  seem  probable  that  the  velocity  of  enzyme 
action  is  conditioned  by  the  presence  of  ions. 

The  hydrolysis  of  cane-sugar  by  invertase  was  first  submitted  to 
quantitative  examination  by  O'SuUivan  and  Tompson*  in  1880. 
Using  the  optical  method  of  Wilhelmy,  they  found  that  the  velocity 
(k)  increases  slightiy  until  80  per  cent,  of  the  sugar  had  been  hydro- 
lysed  and  then  decreases.  Nevertheless,  they  drew  the  general 
conclusion  that,  in  spite  of  these  small  deviations,  the  reaction 
foUows  the  mass  law.     The  subject  was  reinvestigated  in  1902  by 

1  Pogg.  Ann.,  1860,  81,  418,  499 ;  Ostwald's  KUmiker,  No.  29. 
'  Trans,  Ckem,  Soc.,  1890,  57,  884. 
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A.  J.  Brown,^  who  found  that  the  velocity  is  not  a  constant,  but  that 
a  given  quantity  of  invertase  decomposes  a  nearly  constant  weight  of 
sugar  in  unit  of  time.  Thus,  in  one  hour,  using  different  strengths 
of  sugar  solution,  the  following  quantities  were  inverted : 

Grams  per  100  c.  Granui  inverted. 

4.89  1.280 

9.85  1.855 

1991  1.855 

29.96  1.285 

40.02  1.076 

This  is  contrary  to  the  mass  law,  according  to  which  the  greater 
the  concentration  the  greater  should  be  the  quantity  inverted.  It 
was  further  observed  that,  after  a  certain  proportion  of  sugar  had 
been  inverted,  the  linear  period  (or  equal  weights  in  equal  times)  is 
succeeded  by  a  logarithmic  period  (or  a  decreasing  quantity  in  equal 
times)  in  which  the  velocity  (k)  is  approximately  constant.  This 
change  of  velocity  accompanying  the  inversion  of  cane-sugar  in  the 
earlier  and  later  stages  of  the  process  was  also  observed  by  A.  J. 
Brown  *  during  the  fermentation  of  sugar  by  yeast ;  by  H.  T.  Brown 
and  Glendinning'  in  the  action  of  diastase  on  starch,  and  by  E.  F. 
Armstrong^  during  the  hydrolysis  of  milk-sugar  by  the  enzymes, 
lactase  and  emulsin,  and  of  maltose  by  maltase.  In  each  case  there 
was  a  linear  followed  by  a  logarithmic  period.  What  is  the  reason 
of  the  slowing  down  of  the  process  ?  It  cannot  be  that  the  mass  law 
is  untrue,  and  the  cause  must  be  looked  for  elsewhere.  A.  J.  Brown 
suggested  that  the  substance  undergoing  change  unites  with  the 
enzyme  previous  to  composition,  after  which  the  enzyme  is  liberated, 
and  can  unite  with  more  substance,  and  so  forth.  That  such  a  union 
is  highly  probable  has  been  shown  by  CSullivan  and  Tompson,  who 
found  that  invertase  survives  a  much  higher  temperature  when  cane- 
sugar  is  present  than  when  absent,  and  by  the  observations  of  Fischer 
and  others  on  the  selective  action  of  enzymes.  If  the  amount  of 
enzyme  is  large  and  the  process  of  combination  instantaneous,  or 
very  rapid  in  comparison  with  the  subsequent  rate  of  hydrolysis,  the 
velocity  (k)  would  still  be  constant  The  only  change  in  the  effect 
would  be  that  the  substance  and  enzyme  would  be  changing  together 
instead  of  the  substance  alone.  If,  however,  the  amount  of  enzyme 
is  small  compared  with  that  of  the  substance,  only  a  portion  of  the 
substance,  namely  that  in  union  with  the  enzyme,  would  change,  and, 
until  the  substance  had  diminished  below  a  certain  amount,  equal 
quantities  would  undergo  hydrolysis  in  equal  times.     Both  A.  J. 

^  Trans,  Chm.  Soc,  1902,  81,  878.  '  Tnms.  Chtm.  8oc.,  1892,  61,  869. 

'  Tnms.  Chtm.  Soc.,  1902,  81,  888.  «  Proe.  22oy.  Soc,  1904,  78,  500. 
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Brown  and  K  F.  Armstrong  have  shown  that  the  curve  becon^e 
logarithmic  or  linear  according  to  the  proportion  of  enzyme  present 
Another  possible  cause  afiEecting  the  mass  law,  also  suggested  by 
A»  J.  Brown,  might  be  due  to  the  accumulation  of  the  products  of 
hydrolysis  which  by  union  with  the  enzyme  would  withdraw  it  £ram 
its  sphere  of  action.  The  correctness  of  this  view  has  leoei^ed 
strong  corroboration  from  the  recent  researches  of  K  F.  Armstrong,^ 
who  has  shown  that  the  action  of  the  enzyme  is  only  retarded  by  the 
presence  of  those  hexoses  which  are  derived  from  the  hydrolysis  of  the 
disaccharose  or  glucoside  undergoing  change. 

Galactose,  for  instance,  retards  the  hydrolysis  of  /^-galactosides 
(e.g.  milk-sugar)  by  lactase,  whilst  glucose  and  fructose  are  inert. 
Olucose  retards  the  hydrolysis  of  a-glucosides  (ag.  maltose),  whik 
fructose  has  no  action*  The  previous  experiments  of  Henri '  have 
also  clearly  shown  that  the  retarding  action  of  invertase  on  cane- 
sugar  is  determined  by  the  nature  of  the  product,  for  of  the  two, 
glucose  and  fructose,  the  hitter  alone  retards  the  process.  Finally, 
the  process  of  reversion  must  be  considered  as  a  cause  of  retardaticm 
in  enzyme  action.  The  suggestion  was  first  made  by  Croft  Hill* 
when  studying  the  hydrolysis  of  maltose  bymaltase.  He  found  that 
not  only  the  addition  of  glucose  retards  the  process,  but  that  maUjwe 
has  the  power  of  converting  glucose  into  the  isomeric  disaccharosee^ 
namely  revertose  and  probably  maltose  (p.  346). 

The  reversibility  of  enzyme  action  has  been  proved  in  other  cases. 
Emmerling^  has  shown  that  amygdalin  is  formed  when  yeast 
maltase  is  added  to  a  solution  of  glucose  and  mandelic  nitrile  gluco- 
side (p.  849),  and  Eastle  and  Loevenhart'  have  obtained  ethyl  butyrate 
by  the  action  of  lipase  on  ethyl  alcohol  and  butyric  acid,  that  is,  by 
the  enzyme  which  produces  the  two  latter  products  by  hydrolysis. 
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>  Froc.  Roy.  Soc,  1904,  73,  516. 
*  Trans,  Chem.  Soe.,  1896,  78,  684. 
'  Amer.  Chem,  J.,  1900,  24,  491. 


>  CompL  rmd.f  1901, 183,  891. 
«  Ber.,  1901,  84,  8810. 


CHAPTER  X 

THE  PURINE  GBOUP 

Historical.  The  history  of  the  group  of  compounds  which  forms 
the  subject  of  the  present  chapter  has  its  origin  in  those  ciurious 
pathological  concretions  which  are  found  in  the  human  body^  as  chalk- 
stones  and  urinary  calculi.  The  composition  of  these  substances 
attracted  the  attention  of  the  early  physicians  and  chemists,  who 
speculated  freely  on  their  origin  without  discovering  much  about 
their  chemical  nature.  It  is  curious  to  find  that  Paracelsus  regarded 
them  as  having  a  similar  origin  to  the  lees  of  wine,  and  named  them 
tartar}  The  discovery  in  urinary  calculi  of  uric  acid,  or  as  it  was 
then  termed  lithic  acid^  is  due  to  Scheele,  who  isolated  the  acid  in 
1766  and  observed  at  the  same  time  the  red  colour  which  it  gives 
on  evaporation  with  nitric  acid.  Prout'  afterwards  noticed  that 
ammonia  changes  the  colour  to  violet,  forming  murexide,  a  reaction 
which  is  still  used  as  a  delicate  test  for  the  acid.  In  1798  Pearson 
found  uric  acid  in  the  deposit  which  sometimes  forms  in  the  tissues 
of  persons  suffering  from  gout,  and  since  then  its  occurrence  has*  been 
observed  in  many  different  parts  of  the  body.  It  is  found  in  variable 
amount  in  the  urine  of  most  animals,  and  constitutes  the  bulk  of  the 
excreta  of  birds  and  reptiles.  It  is  an  interesting  fact  that  the  white 
colour  on  the  wings  of  butterflies,  known  as  White  Pieridae,  is  due  to 
uric  add. 

Becoupoflitioii  Pyodncts  of  Uric  Aoid.  In  1793  Fourcroy 
observed  the  formation  of  urea  when  chlorine  water  acts  upon  uric 
acid ;  a  little  later  Brugnatelli  obtained  a  crystalline  compound,  now 
known  as  alloxan,  by  the  action  of  nitric  acid ;  its  elementary  composi- 
tion,' C5H4N4O3,  was  determined  in  1884  by  Liebig  and  Hitscherlich. 
But  the  first  serious  contribution  to  our  knowledge  of  uric  acid  is 
contained  in  a  remarkable  memoir  by  Wchler  and  Liebig,^  entitled 
*  Untersuchungen  Qber  die  Natur  der  Hams&ure ',  which  was  published 

^  Tr§aii$e  on  Chetnislryf  by  Boscoe  and  Schorlemmer,  vol.  iii,  part  ii,  p.  881. 

*  PhiL  IVtxfw.,  1818,  p.  420. 

'  The  modem  formulae  are  used. 

*  AmuOm,  1888,  26,  241. 
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in  1838,  and  siiU  senres  as  a  model  of  scientific  acumen  and  experi- 
mental skilL  They  showed  how  uric  acid  by  regulated  oxidation 
could  be  converted  into  a  series  of  substances  of  diminishing  com- 
plexity. Thus,  by  direct  oxidation  they  obtained  the  three  compounds, 
aUantoin  CJB^'S^O^^  alloxan  G4H2N2O4,  and  paraibanic  add  GJB^fi^. 
From  alloxan  they  prepared  by  reduction  aUoxofUki,  OgHeN^Og,  aiui 
dtaiuric  add,  G4H4N2O4 ;  by  the  action  of  anmionium  sulphite,  iki/m- 
v/ric  addf  G4H5N3SOQ,  and  from  the  latter,  by  boiling  with  dilute 
mineral  acids,  uramU,  C4H5N3O3 .  To  this  collection  of  what  may  be 
termed  the  fragments  of  the  uric  acid  molecule^  Schlieper  ^  afterwards 
added  several  new  compounds.  As  alloxan  was  found  to  undeigo 
hydrolysis  into  mesoxalic  acid  and  urea,  Gerhardt  suggested  that  ils 
formula  should  be  represented  as  mesoxalyl  urea*  But  apart  from  this, 
little  was  known  about  the  constitution  of  these  various  derivatives 
until  the  years  1863  and  1864,  when  Baeyer,'  in  a  series  of  masterly 
researches,  placed  the  whole  subject  in  a  clear  light,  and  so  prepared 
the  way  for  the  subsequent  discovery  of  the  structure  and  synthesis 
of  uric  acid  and  of  the  allied  xanthine  bases. 

Without  entering  into  detail,  the  manner  in  which  Baeyer  arrived 
at  some  of  his  results  may  be  briefly  indicated.  Dialuric  acid, 
obtained  by  reducing  alloxan,  is  converted,  on  heating,  into  hyduriUc 
add,  which  may  be  regarded  as  an  anhydride  of  alloxan  and  barbituric 
acid  (see  below).  With  nitrous  acid,  hy duriUc  add  is  partly  convearbed 
into  vkluric  add,  and  with  nitric  acid  into  dUituric  add.  Both  violurie 
acid  and  dilituric  acid,  on  reduction,  form  uramil,  and  with  bromine 
they  yield  the  same  product,  which  Baeyer  first  termed  alloxan 
bromide,  but  afterwards  altered  to  dtbranKhbarbituric  add.  In  the 
first  case  an  isonitroso  group,  in  the  second  a  nitro  group  and  a 
hydrogen  atom  are  exchanged  for  two  bromine  atoms.  Dibromo- 
barbituric  acid  on  reduction  forms  barbituric  add.  Now,  since 
barbituric  acid  is  decomposed  with  potash  into  urea  and  malonic 
acid,  it  is  probably  malonyl  urea,  a  view  which  was  afterwards  con- 
firmed by  Grimaux,'  who  S3rnthesised  it  by  heating  together  malonic 
acid,  urea,  and  phosphorus  oxychloride  : 

<NHo        HOOCv  NHCO 

+  >CH2    ->    0C<  >CJ 

NH,        HOOC/  \Ert0 


)H 


2 


Barbituric  aoid. 


X  AnnaUn,  1845,  56, 1. 

>  Annalm,  1868, 127,  1,  199 ;  1864,  130,  129 ;  131,  291. 

"  BuU.  3oe.  Otm.,  1876,  31,  146. 
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Baeyer  represented  the  relation  in  which  the  compounds,  referred 
to  above,  stand  to  barbituric  acid  by  the  following  formulae: 


NH  CO  NH  CO  NH  CO 

OH       OC<r  ^CO       OC/        \C:NOH 

!0  nHt5o 


ruavw 
OC<^^^       \CH. 

irH~do 


Dialario  aoid. 


Alloxan. 


Violorio  acid. 


NH  CO  NH  CO  NH  CO 

OC<:  >CH.NO,     OCC  yjH.NH,     Oc/        NcBr 


'2 


aOKAJ 

NH^ 


^2 


DUltorie  aoid. 


ITramil. 


NHCO 
Bibromobarbitorio  aoid. 


The  constitution  of  thionuric  acid  is  determined  by  its  formation 
from  alloxan  and  ammonium  sulphite  and  its  conTersion  into  uramil. 


NH  CO 


NH  CO 


oc/     Nco+ 

NHl^O 


NH4HSO3 


Alloxan. 


Thionurio  acid. 
NH  CO 
-»    OC/        NcH.NHj 

Nirdo 

Uramil. 

The  structure  of  parabanic  acid  is  derived  from  its  resolution  into 
urea  and  oxalic  acid,  and  its  subsequent  synthesis  by  Grimaux  from 
these  two  substances  with  the  aid  of  phosphorus  oxychloride. 

NH  CO 


oc/ 

NHT 


fHUO 

Parabanic  acid. 

Hydantoin,  or  glycolyl-urea,  wliich  is  formed  by  the  reduction  of 
allantoin,  was  synthesised  by  the  action  of  ammonia  on  bromacetyl- 
urea  by  Baeyer,  who  thus  prepared  the  first  synthetical  ureide. 


yNH— CO 

ocx;        I 

\NHa  CHoBr 


NH  CO 


L2J 


oc/ 


Bromaoetjl  urea. 


imDH 

Hydantoin. 


2 
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Baeyer  dhrideB  the  above  compounds  into  two  daaaefly  the  parabin 
series  and  the  alloxan  series.^ 


FanOfaHStrim. 

AUoacoM 

Seriu. 

Farabanie  add 

AllaTiin 

Violnrie  aeid 

(^Ozalyl-QTM) 

(Meeoxalyl-nrea) 

Oxaloricadd 

Bialurie  aeid 
(Tartronyl-area) 

DiUturie  aeid 

Hydantoin 

Barbituric  acid 

Thioniiric  acid 

(Glyeolyl-nrea) 

(Halonyl-nrea) 

Allantnric  aeid 

Dibromo-barbifcarie  acid 

Uramil 

(Qlyoxyl-urea) 

In  addition  to  the  above,  there  is  a  series  of  diureides,  whidi 
may  be  regarded  as  combinations  of  two  molecules  of  certain  of  the 
above  compounds.  The  exact  nature  of  this  union  is  not  definitely 
known  in  every  case. 


Dinreide. 

Constituent  moleoules. 

Probable  formnla. 

Allantoin 
Hydnrilic  aeid 

Hydantoin  +  Urea 

Alloxan + Barbituric 
acid 

NH,    OC      NH 

oc/                 ^00 
NH — csim 

NH  CO               CO  CHa 
OC/        \CH— N<^        ScO 

NHndo          CO  iCn 

NH  CO               HO .  C      NH 

Alloxan  tin 

Alloxan + Dial  oric  acid 

0C<^        \C(OH).O.C/        ^00 
Woo                       CO    NH 
NH  00                   CO   NH 

Murexide  ' 

AUoxantin  -f-  Ammonia 

0C<(        >C-N  -  C<^        ^CO 
NH  CJONH4          CO   NH 

Yiolaniin 

Violnrie  acid+Dilitmio 
acid 

Btmetnre  of  Uric  Aoid.  As  uric  acid  is  found  to  break  up  on 
oxidation  into  equal  molecules  of  alloxan  and  urea  according  to  the 
equation : 

C5H4N4O3  +  0  +  H2O  -  C^HjjNaO^  +  CO{NHj)j 
Uric  acid.  Alloxan.  Urea. 

it  would  appear  to  be  a  compound  of  alloxan  and  urea,  in  which  the 
two  components  are  united  with  the  loss  of  two  hydroxyl  groupa 

^  For  the  special  properties  of  the  indlyidoal  compounds  a  book  of  referenc« 
must  be  consulted. 
*  MOhlau,  Ber,y  1904,  37,  2686;  Piloty  and  Finckh,  Anmlnj  1004,  333,  p.  21 
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If  the  oxidation  is  carried  out  with  neutral  or  alkaline  permanganate, 
or  with  lead  peroxide,  the  reaction  takes  a  different  course  and  allan- 
toin  is  formed.  Allantoin  is  a  diureide,  whose  structure  is  known 
from  its  direct  synthesis  from  glyoxalic  acid  and  urea*^ 

HoN 


OC    OC NH 

I       I        >co 

HN — ^CH— NH 

Allantoin. 

The  presence  of  four  imino  groups  in  uric  acid  agrees  with  the 
existence  of  a  tetramethyluric  acid,  obtained  by  the  direct  methylation 
of  uric  acid,  from  which  all  the  nitrogen  can  be  removed  as  methyl- 
amine  on  heating  with  strong  hydrochloric  acid.  These  facts  have 
found  expression  in  two  formulae  for  uric  acid,  one  proposed  by 
Fittig'  in  his  text-book,  and  the  other  by  Medicus:' 

HN — C — NH  HN — CO 

I   /I        I  I        i 

0C<   CO    CO  OC      C — NH 

l\l      I  I     il      >co 

HN — C — NH  HN — C — NH 

Fittig'8  formula.  Medicus^  formula. 

Fittig's  formula  represents  a  symmetrical  arrangement  of  two 
condensed  pyrimidine  nuclei,  that  of  Medicus  contains  a  fused 
pyrimidine  and  iminazole  ring. 

A  clear  indication  of  the  correctness  of  Hedicus'  formula  as  opposed 
to  that  of  Fittig  was  afforded  by  Fischer's^  discovery  of  a  second 
monomethyluric  acid,  in  addition  to  the  one  previously  described 
by  Hill,^  both  of  which  are  formed  simultaneously  by  treating  the 
lead  salt  of  uric  acid  with  methyl  iodide.  Since  one  of  these  com- 
pounds gives,  on  oxidation,  methyl  alloxan  and  urea,  and  the  other, 
by  similar  treatment,  alloxan  and  methyl  urea,  the  formula  of  uric 
acid  must  be  represented  by  the  fusion  of  an  alloxan  and  a  urea 
nucleus,  so  as  to  form  an  unsymmetrical  grouping  as  proposed  by 

1  Grimauz,  Ann.  ChinL  Phys,^  1877  (5),  U,  889. 

It  has  been  shown  that  allantoin  is  not  a  direct  product  of  the  oxidation  of 
uric  acid.  It  is  probable  that  both  of  the  ring  systems  in  uric  acid  are  broken 
on  oxidation  and  that  the  allantoin  is  formed  as  the  result  of  complicated 
intramolecular  changes.  This  observation  diminishes  the  value  of  the  evidence 
afforded  by  the  formation  of  allantoin. 

*  Orundrias  dor  organiechen  Chitmie. 
&  AfmdUn,  1875, 175,  286. 

*  Ber.y  1884, 17,  1777.  »  Bcr.,  1876,  9, 870, 1090. 
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HedicuB.  According  to  Fitiig'8  formula  only  one  monomethyl  uric 
acid  should  exist  The  subsequent  pieparation  of  all  the  theoretically 
possible  methyluric  acids  as  well  as  the  Tsrious  syntheses  of  uric 
acid,  to  which  reference  will  presently  be  made,  have  in  every  ease 
confirmed  the  original  formula  assigned  by  Hedicus,  which  is  now 
uniyersally  accepted. 

Vomesiclatiire.  FLscher  has  shown  that  the  same  atomic  frame- 
work is  present  in  uric  acid  and  the  numerous  xanthine  bases  and 
denotes  the  relative  position  of  the  atoms  by  the  numbers  1  to  9. 
If  the  four  additional  hydrogen  atoms  necessary  to  satisfy  the 
valencies  of  the  carbon  and  nitrogen  atoms  be  added,  the  structure 
of  the  parent  substance  of  the  series  is  obtained,  a  compound  miiich 
has  been  prepared  by  Fischer  and  named  purine  {purum  uricHm). 
This  substance  will  be  referred  to  later  (p.  887). 

1      6 
N=CH 

I  I      7^-^ 
2HC5C-Nr 

II  II        >H8 
N— C— N^ 

3     4     9 

Purine. 

Uric  acid  and  the  xanthine  bases  may  be  regarded  as  substituted 
purines.  As  an  illustration  of  the  above  system  of  nomenclaturs, 
uric  acid  will  appear  as  2 . 6 .  8-trioxypurine,  whilst  xanthine  and 

m 

adenine  (p.  887)  are  2 . 6-dioxypurine  and  6-aminopurine  respec- 
tively. 

HN— CO  HN— CO  N=C  .  NHj 

II  II  I      i 

OC    O— NHv  OC    C— NH  HC    C— NH 

I      II  >C0  I      II        \pTT  "      "        V-TT 

HN— C— NH/  HN— C— n/^^  N— C— N/^^ 

Urio  acid  Xanthine  Adenine 

(2.6. 8-triozyparine).  (2 . 6-dioxypurine).  (6.aminopurine). 

Uracil  and  its  Derivatives.  Before  discussing  the  synthesis  of 
uric  acid  reference  must  be  made  to  a  group  of  ureides  which,  like 
those  already  mentioned,  appear  to  play  an  interesting  rdle  in  animal 
metabolism.^  The  name  uracU  was  given  by  Behrend  to  the 
simplest  member  of  this  special  group.  Though  the  compound 
itself  has  only  recently  been  prepared,  several  of  its  derivatives  have 

^  Burian  has  recently  demonstrated  the  formation  of  uracil  derivatives  finoim 
purine  bases,  when  the  latter  are  treated  with  strong  sulphuric  acid  in  the 
presence  of  sugar. 
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long  been  known  and  were  isolated  by  Koesel  and  hia  pupils  firom 
the  products  of  hydrolysis  of  nucleic^  aoids  (p.  421).  Among  these 
3xe  thymne  (5-methyl-uracil ')  and  cytosme  (6-amino-uracil), 

HN— CO  N=C.NH2 

«      I  II 

OC    C.CHs  OC    CH 

I      II  I      II 

HN— CH  HN— CH 

Thymine.  Oytosine. 

Both  compounds  have  been  synthesised,  the  former  by  Behrend 
from  ct-methyl  acrylic  acid  by  a  series  of  reactions  similar  to  those 
used  in  the  synthesis  of  uracil  (see  belowX  and  the  latter  by  Wheeler 
and  Johnson*  from  ethyl  pseudothiourea  and  sodium  formylacetic 
ester.  These  two  substances  condense  with  the  formation  of 
2-ethylmercapto-6-oxypyrimidiney  which,  with  phosphorus  penta- 
chloride^  yields  a  chlorine  derivative.  By  the  action  of  ammonia, 
the  chlorine  is  replaced  by  the  amino  group,  and,  on  hydrolysis  with 
bydrobromic  acid,  cytosine  is  formed. 

NHa    CO2C0H5  HN— CO 

A  '  '       ' 

C]AgS>C   H*   CH         — »    CjMjSiC     CH 

II        n  in 

NH     CHONa  N— CH 

N=CC1  N=C .  NHj 

->    CjHjS.C     CH    -♦     OC    CH 

II      II  I      II 

N— CH  HN— CH 

Uraeil  itself  was  first  prepared  by  Fischer  and  Boeder*  by  heating 
urea  and  acrylic  acid  to  210°,  and  the  product,  hydmwraal,  was  then 
brominated.  When  treated  with  pyridine,  hnnwihydrowrtuM  loses 
hydrogen  bromide  and  gives  uradL 

H.N    COgH        HN— CO  HN— CO 

II  II  II 

OC  +  CH    -*     OC    CHj    -*     OC     CHBr 

I      II  II  II 

H,N    CHj  HN— CH,  HN— CH, 

HydrouraciL  BromohydrouraeiL 

HN— CO  N=C.OH 

II  II 

-*     OC    CH    or    HO.C    CH 

If!  It      II 

HN-<)H  N— CH 

Uracil. 

'  The  numbering  of  Uie  atoms  in  uracil  deriyatives  follows  the  order  adopted 
in  the  case  of  uric  acid. 

s  Amer.  Ckrni.  J.,  1908,  29,  492.  «  Ber.j  1901,  84,  8761. 
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MjnUietdM  of  Viio  Acid.  HorbaceewskFs  Synthesis.  In  18^ 
Sbrecker^  found  that  uric  acid  could  be  hydrolyaed  at  hi^  tempeia- 
turcB  with  the  production  of  ammonia,  carbon  dioxide,  and  glycocoIL 
Horbaczewski  *  some  years  later  applied  the  fact  to  the  synthesis  of 
uric  add,  which  he  effected  by  heating  urea  with  glycocoll  or  cyan- 
acetiq  add.  The  jrield,  however,  is  extremdy  small  and  the  reactions 
are  so  complex  that  the  synthesis  throws  little  light  upon  the 
structure  of  uric  acid,  and  from  this  point  of  view  is  of  no  valua 
Horbaczewski  showed  later  that  a  somewhat  better  result  is  obtained 
by  heating  the  amide  of  trichlorolactic  acid  with  urea.  The  reaction 
may  be  represented  as  follows: 

HjN    CONHj  HN— CO 

II  II  +NH^a 

OC  +  CHOH  +  HjK  -^     OC    C-NH     +2HC1 

II  Vio  I      II      >CO+H,0 

•H^N    Cag        HgN^  HN— C— NH 

Bekrend  and  BooserCs  Synthesis,  Another  synthesis  was  accom- 
plished a  little  later  by  Behrend  and  Boosen,  which,  though  much 
less  direct  than  the  preceding,  convesrs  more  information  about 
the  structure  of  the  compound  in  question.  Behrend  and  Boosen' 
showed  that  isodidluric  add  undergoes  condensation  with  urea,  in 
the  presence  of  strong  sulphuric  add,  to  form  uric  acid. 

HN— CO  HN— CO 

OC    COH    H^Nv  OC     C— NH 

I      II       +         VjO-      I      II       >CO  +  2H20 
HN— COH    HjjN^  HN— C— NH 

The  preparation  of  isodialuric  acid  is  a  long  and  complicated 
process.  The  starting-point  is  4-methyluracil,  which  results  ftom 
the  saponification  of  the  condensation  product  obtained  by  the 
interaction  of  acetoacetic  ester  and  urea.  The  methyluracil  is  first 
treated  with  nitric  acid,  a  process  which  not  only  introduces  a  nitro 
group,  but  at  the  same  time  oxidises  the  methyl  to  a  carboxyl  group. 
The  acid,  thus  formed,  readily  loses  carbon  dioxide  on  boiling  with 
water,  and  changes  into  5-nitro-uracil.  This  nitro  derivative^  on 
reduction  with  tin  and  hydrochloric  add,  yidds  both  &«mino-uracil 
and  6-hydroxyuracil  (isobarbituric  acid),  and  the  latter  substance,  on 
oxidation  with  bromine  water,  forms  isodialuric  acid. 


^  AmtOm^  1868, 140, 142. 

'  Ber^  1882, 16,  2678 ;  Umatsh,,  1885,  6,  856 ;  1887,  8,  201, 

'  B6r.,  1888,  21,  999 ;  AnwOm^  1888,  261,  285. 
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HN— CO  HN— CO  HN— CO 

II  II  II 

OC     CH      ->     OC    C.NO2      -♦   OC     C.NO2 

I      II  I      II  I      II 

HN— C .  CH3        HN— C .  COjjH        HN— CH 

4-Methyluracil.  6-Nitro-uraoil.  5-Nitro-uraciL 

4-Carbox7lic  acid.  ^ 

HN— CO  HN— CO 

II  II 

->     OC    C.OH    ->    OC     C.OH 

I      II  I      II 

HN— CH  HN— C.OH 

5-Hjdrox7uracil      4  •  S-Dihydrozyuraeil 
(isobarbiturio  aoid).        (isodialuric  add). 

a.  Fischer's  Synthesis.  The  starting-point  of  Fischer's  synthesis  ^ 
is  pseudouric  acid,  the  compound  which  many  years  before  Liebig^nd 
^WOhler'  attempted  in  vain  to  prepare  with  the  object  of  converting 
it  into  uric  acid.  Baeyer  and  Schlieper'  were  more  successful,  .and 
obtained  it  in  the  form  of  the  potassium  salt  by  boiling  uramil  with 
a  solution  of  potassium  cyanate^  from  which  pseudouric  acid  was 
then  liberated. 

HN— CO  HN— CO 

OC    CH.NH2  +  KCN0«  00     CH.NH.CO.NHK 

^'      '  I     i 

HN— CO  HN— CO 

Uramil.  Potassium  pseudourate. 

Pseudouric  acid  differs  in  composition  from  uric  acid  by  one 
molecule  of  water,  but  the  early  attempts  to  remove  this  molecule 
of  water  and  convert  pseudouric  into  uric  acid  failed.  In  Fischer's 
hands  the  operation  was  not  only  successful,  but  the  process  has 
served  with  little  modification  for  the  synthesis  of  other  members 
of  the  purine  group.  The  method  which  Fischer  adopted  was  to 
boil  pseudouric  acid  with  hydrochloric  acid. 

HN— CO  HN— CO 

OC— CH.NH.CO   =0C    C— NH     -\-Kfi 

I    1  I         I    II     >co 

HN— CO  NH2    HN— C— NH 

Ftoudotirio  aoid.  Urio  aoid. 

The  synthesis  involves  the  preparation  of  uramil,  which,  as  we 
have  seen,  may  be  obtained  from  barbituric  acid  through  violuric  acid 

^  S9r,f  1897,  80,  659.  '  AtmaUn,  1888,  26,  241. 

*  Antuam,  1868, 127,  8. 
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and  also  firom  alloxan  through  ihionuric  acid  (p.  869).  But  the 
production  of  barbituric  acid  necessitates  that  of  malonic  acid,  irbilBt 
alloxan  is  derived  from  barbituric  acid  or  from  uric  add  itself. 
Thus,  the  83rnthe8is  depends  in  the  first  instance  on  the  prodaction 
of  malonic  acid. 

The  above  synthetic  method  has  been  successfully  applied  by 
Fischer  to  the  production  of  various  alkyl  derivatives  of  uric  add 
and,  indirectly,  to  that  of  many  of  the  xanthine  bases,  sach  as 
theobromine^  theophylline,  caffeine^  &c.  For  example,  mono-  and 
di-alkyluric  acids  have  been  prepared  from  mono-  and  di-alkyl 
alloxans,  which  are  converted  into  the  corresponding  uramils, 
pseudouric  and  uric  acids.  Thus,  dimethyl  alloxan  yields  1.8- 
dimethyluric  add. 


CH,N— 00 


2 


I 

CO 

I 

CHjN— CX) 
Dimethyl  alloxan. 


I 


OHjN— CO 

I      I 
OC    CHNH, 

CH,N— CO 


CHjN— CO 


CH.N— CO 

OC    CH.NH.CO 


I      I 
CH,N— CO 


I 


I      I 
-♦      OC    C— NH 

I    II     5co 
cHjN— c— ira 

1 .  S-DimeUiylarie  acid. 

Moreover,  it  ia  possible  to  introduce  a  methyl  group  into  position 
7  by  using  methylamine  sulphite  in  place  of  ammonium  sulphite. 
1.8. 7-Trimethyluric  acid  (hydroxycaflfeine)  may  be  synthesiaed  from 
dimethyl  alloxan  in  this  way : 

CH,N— CO         CHjN— CO 

oi    00    -»      OC    C(^^^ 
II  II  ^^^OgH 

CHjN— CO         CHjN— CO 
CH,N— CO 

-»       OC    C] 


HN(CH8).C0.NH, 


CH,N— CO 


■^8 


CH.N— CO 

'l      I 

OC    CH.NHCH, 

I      I 
CHjN— CO 

CHsN-CO 

OC    C— NCH, 

I    II     >co 
CH,N— c— ira 


1.8. 7-Trimethylurie  aeid. 

W,  Traube'a  SynOtesia.    Another  synthetic  method  for  the  pre- 
paration of  uric  acid  is  described  by  W.  Traube.*     In  this  case  the 


>  Btr.,  1900,  SS,  1871,  8036. 
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starting-point  is  either  cyanacetic  acid  or  its  ester.    Gyanacetic  acid 
and  urea  in  presence  of  phosphorus  ozychloride  form  cyanacetyl 


NHa.CO.NH.CO.CHjCN 

Cyanacetyl  urea. 

^which  by  the  action  of  alkalis  is  converted  into  4«amino  2  •  6-dioxy- 

pyrimidine. 

NH— CO  N=C .  OH 

CO     CH2      or    HO.C     CH 

NH— C:NH  N— C.NH^ 

4- Ammo-2 . 6-diozypyrimidine. 

Nitrous  acid  then  replaces  the  hydrogen  of  the  methylene  group  by 

an  isonitroso  group,  and  the  latter,  on  reduction  with  anmionium 

sulphide,  is  converted  into  an  amino  group,  yielding  the  following 

compound ; 

NH— CO 

I  I 

CO     C.NHn 

I  H 

NH— C .  NHj 

4 . 6-Diamiiio-2 . 6-dioxypyrimidine. 

By  the  action  of  chloroformio  ester  a  urethane  is  produced,  which 

forms  a  sodium  salt. 

NH— CO 

CO     0 .  NNaCOOCjHg 

I         II 
NH— C .  NHa 

When  the  sodium  salt  is  heated,  alcohol  is  eliminated  and  sodium 

urate  is  formed.  ^ 

NH— CO 

CO     C— NNa 

I        II     >co 

NH— C— NH 

A  similar  method  has  been  applied  to  the  synthesis  of  xanthine, 
guanine^  and  similar  compounds,  to  which  reference  is  made  on 
p.  88a 

The  Alkylvrio  Aeids.  In  addition  to  the  methyluric  acids  which 
may  be  prepared  by  Fischer's  synthetic  method  already  described, 
a  number  of  these  compounds  have  been  obtained  by  the  direct 
methylation  of  uric  acid.    The  process  is  carried  out  by  heating  the 
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lead  or  silver  salt  with  methyl  iodide,  or,  more  oonvenientlyi  fay 
shaking  np  tuic  acid  with  methyl  iodide  in  the  presence  of  difaite 
caustic  soda.  The  positions  which  the  methyl  groups  assume  d^Hod 
to  some  extent  upon  the  method  of  methylation  and  the  temperature 
employed.  The  following  methyluric  acids  have  been  obtained  by 
the  direct  methyktion  of  uric  acid  ^ : 

S-Methylnric  acid.      1 .  S-Dimethyloric  acid.      1.8.  T-Trimethylnrie  acid. 
9  -Hethylnric  acid.      8 . 9-Dimethylaric  acid.      8.7.  d-Trimeihyliiric  acid. 

7 .  Q-Dimethjluric  acid.      1.8.7.  d-Tetramethjlarie  acid. 

By  the  methylation  of  alkyluric  acids  of  known  constitution,  pre- 
pared synthetically  by  Fischer's  method,  it  has  been  possible  to 
prepare  some  additional  methyluric  acida  In  some  cases  a  process  d 
demethylaiion  has  been  successfully  employed.  For  example,  if  tetra- 
methyluric  acid — ^the  product  of  the  complete  methylation  of  urie 
acid — ^be  heated  with  phosphorus  oxychloride,  the  methyl  group  in 
position  9  is  detached,  and  at  the  same  time  the  oxygen  atom  in  posi- 
tion 8  is  replaced  by  chlorine. 

CH3N— CO  CH3N— CO  CH3N— GO 

OC    C— NCH3    -►      OC    C— NCH3      -^      OC    C— NCH, 

i    I!   >co  I    !l  >cci  I    il    >co 

CH3N— C— NCHa  CH3N— C— N  CH3N— C— HH 

The  1.8.  7-trimethyl-8-chloropurine  produced  in  this  way  can  be 
converted  into  1.8.  7-trimethyluric  acid  by  alkalis,  or  may  be  used 
directly  for  other  syntheses  (cp.  synthesis  of  caffeine,  p.  885). 

An  additional  method  of  preparation  of  methyluric  acids  consists 
in  the  reduction  of  the  hydroxymethylene  derivatives  of  uric  acid, 
which  are  produced  by  the  action  of  formaldehyde  upon  alkaline 
urates.  For  example,  7-methyluric  acid  is  formed  by  the  reduction 
of  the  compound  produced  by  the  interaction  of  formaldehyde  and 
uric  acid ' : 

HN— CO  HN— CO  HN— CO 

OC    C— NH         ^  OC    C— N.CHjOH   ^  OC    C— N.CH, 

I    il     >co  I    II    Sco  I    II   >co 

HN— C— NH  HN— C— NH  HN— C— NH 

It  is  a  curious  fiict  that,  in  addition  to  the  four  isomeric  mono- 
methyluric  acids,  obtained  by  the  replacement  of  each  of  the  four 

^  Beferenoe  to  the  method  of  preparation  and  structure  of  all  the  methylurie 
neide  will  bo  found  in  Fischer's  paper,  Ber.,  1899,  82,  461. 
*  Ch9miKh$8  CtniralUaUf  1900,  i,  p.  270. 
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hydrogen  atoms  of  the  ixnino  groups  in  uric  acid,  two  other  mono- 
methyluric  acids  are  known,  in  both  of  which  the  methyl  group  is 
attached  to  nitrogen.  Of  these  six  monomethyluric  acids,  three  appear 
to  be  produced  by  the  replacement  of  the  hydrogen  of  the  imino 
group  in  position  3.  They  are  known  respectively  as  the  a,  S,  and 
{-methyluric  acids.  The  a  and  C  acids  are  prepared  by  the  direct 
methylation  of  uric  acid,  the  former  by  the  usual  method  of  alkyla- 
tion,  the  latter  by  methylation  in  the  presence  of  acetic  add. 
S-Methyluric  acid  was  obtained  by  y.  Loeben^  from  8-methylisodlaluric 
aoid  by  a  similar  method  to  that  employed  by  Behrend  and  Boosen 
in  their  synthesis  of  uric  acid  (p.  874). 

HN— CO  HN— CO 


OC     COH    HgN  OC     C— NH 

1    II     +     >co  -         I     II      >co 

CH3N— COH    H,N  CHgN— C— NH 

8-Methyllsodialurio  aoid.  8-lCethylurio  acid. 

The  8  and  (;  acids  are  mutually  interconvertible,  since  a  mixture  of 
both  isomers  results  from  heating  either  substance  with  hydrochloric 
acid. 

The  exact  nature  of  the  isomerism  presented  in  the  case  of  these 
three  methyluric  acids  is  still  undetermined.  The  action  of 
phosphorus  chloride  upon  uric  acid  suggests  that  uric  acid  itself 
may  react  tautomerically,*  thus : 

HN— CO  N=C.OH 


oi 


C— NH  HO.  C    C— NH 

I      II     >C0  I      II     >C.OH 

HN— C— NH  N— C— N 

Tautomeric  forms  of  Uric  acid. 

and  it  is  possible  that  the  isomerism  of  the  methyluric  acids  is  of  a 
similar  kind,  although  the  stabihty  of  the  substances  is  rather  opposed 
to  such  a  view« 

The  assumption  of  this  kind  of  tautomerism  would  imply  the 
existence  of  a  large  number  of  isomers.  Thus,  in  addition  to  the 
conventional  lactiun  formula  (I)  for  8-methyluric  acid,  four  other 
formulae  (n~Y)  may  be  deduced,  which  contain  one  lactim  grouping, 
whilst  the  existence  of  two  lactim  groupings  would  allow  of  the 
existence  of  four  more. 

^  V.  Loeben,  AtmaXmf  1897,  298, 181. 

'  The  study  of  the  absoiption  spectra  lends  support  to  the  view  that  the 
purine  compounds  exhibit  tautomerism,  W.  N.  Hartley,  Treats,  Chem,  Soc,  1905, 
87,  1796. 
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HN— NH                     N— CO  N=C.OH 

II                          II      I  II 

00    C— NH       HO.C     C— NH  OC    C— NH 

I    II    >co          I    II     >oo  I    II     >00 

CHoN— C— NH         CHoN— 0— NH        CH3N— C— NH 

I                                II  III 

HN— CO  HN— CO 

I      I 


OC     C— N  OC    C— NH 

I      II     >C.OH  I      II      >C.OH 

CH3N— C— NH  CH3N— C— N 

IV  V 

Of  the  three  isomeric  8-inethyluric  acids,  only  the  {-acid  is  oonverted 

smoothly  into  8-methyl-2 . 8-diozy-6-chloropurine,  and  this  may  he 

taken  as  an  indication  in  favour  of  the  subjoined  formula  for  this 

substance : 

N=C .  OH  N=rCCl 

II  II 

OC    C-NH  _^         OC     C— NH 

I    II    >co  I     II    >co 

CH3N— C— NH  CH3N— C— NH 

Isomerism  of  a  slightly  different  kind  is  found  in  the  case  of  teim- 
methyluric  acid  and  methoxycaffeine.  The  first  is  obtained  by  the 
action  of  methyl  iodide  on  1. 8 .  7-trimethyluric  acid  in  presence  of 
an  alkali,  the  second  by  its  action  on  the  silver  salt  of  the  acid. 
whilst  both  compounds  are  produced  by  the  direct  methylation  of 
{-methyluric  acid. 

W.  Wislicenus  and  K6rber  ^  have  shown  that  methoxycaffeine  passes 
on  heating  into  tetramethyluric  acid,  a  change  which  they  represent 
as  follows : 

CH3N— CO  CH3N— CO 

OC    C— NCH3        ->      OC    C— NCH3 

I      II     >C0CH3  I      II     >C0 

CH3N— C— N  CH3N— C— NCH3 

The  Stractnre  of  the  Xanthine  Bases.  One  of  the  most 
notable  developments  in  the  history  of  the  purine  compounds  belongs 
to  the  year  1881,  when  Emil  Fischer '  published  his  investigation  on 
caffeine^  theobromine,  xanthine,  and  guanine,  a  memoir  which  still 
ranks  as  one  of  the  many  brilliant  achievements  of  this  distinguished 


»  Ber. 
»  JB«r. 


\,  1902,  86,  1991. 

r.,  1881, 14,  C87, 1905 ;  1882, 15,  29;  Annaimf  1882,  815, 258. 
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h^mist.  Xanthine  is  mainly  a  product  of  the  animal  organism  and 
ocurs  combined  in  some  nucleic  acids,  though  it  has  also  been 
etected  in  plant  seedlings ;  theobromine  is  a  constituent  of  cocoa- 
leans  {iheobivma  cacao) ;  caffeine  occurs  in  small  quantities  in  tea 
nd  coffee  ;  and  guanine  is  associated  with  uric  acid  in  guano  and  is 
»  constituent  of  certain  nucleic  acids.  Although  of  widely  different 
•rigiiiy  the  close  chemical  relationship  existing  between  them  and 
iric  acid  had  long  been  suspected.  The  composition  and  properties 
vf  xanthine  and  guanine  are  intimately  related  to  those  of  uric 
Msid* 

Uric  Acid    C6H4N4O3 

Xanthine     GoH^N^Os 

Guanine       CgHgNgO 

Stenhouse^  observed  a  reaction  with  caffeine  which  closely  re- 
lenxbled  the  murexide  test,  whilst  Strecker*  succeeded  in  conyerting 
goaniDe  into  xanthine  by  the  action  of  nitrous  acid.  In  a  subsequent 
pai>6r  Strecker '  explained  the  relationship  of  caffeine,  theobromine, 
uid  xanthine  by  representing  caffeine  as  trimethylxanthine  and 
theobromine  as  dimethylxanthine.  Though  unsuccessful  in  methy- 
lating  xanthine,  he  so  £Eir  confirmed  his  views  as  to  convert  theo- 
bromine into  caffeine  by  the  action  of  methyl  iodide  upon  the  silver 
salt.  So  much  was  known  when  Fischer*  began  his  investigations. 
His  first  attack  was  directed  against  the  caffeine  molecule,  which,  as 
he  anticipated,  yielded  more  readily  than  the  other  compounds  to  the 
disintegrating  action  of  reagents. 

Caffeine,  C8H10N4O2,  on  oxidation  with  chlorine  water  breaks  up 
into  equal  molecules  of  dimethylalloxan  and  monomethylurea,  and 
thus  nine  of  the  ten  hydrogen  atoms  are  present  as  methyl  groups. 
With  chlorine  and  bromine  caffeine  yields  a  monochloro-  and  mono- 
bromo-Bubstitution  product.  By  the  action  of  alcoholic  ammonia  on 
the  latter,  the  halogen  is  exchanged  for  an  amino  group ;  with  alcoholic 
potash,  for  an  ethoxyl  group.  The  latter,  on  warming  with  dilute 
hydrochloric  acid,  yields  hydroxycaffeine,  which  has  since  been 
identified  as  1  •  3 . 7-trimethyluric  acid.  Hydroxycaffeine  forms  an 
additive  compound  with  two  atoms  of  bromine,  3rielding  a  dibromo* 
hydroxycaffeine,  in  which  the  bromine  can  be  replaced  by  two 
ethoxyl  groups  by  means  of  alcohol.  The  following  formulae 
indicate  the  relation  of  the  above  series  of  compounds : 

>  Antialen,  1848,  46,  866 ;  46,  227.  *  Anrudenf  1859, 108,  141. 

'  Amtakn,  1861, 118,  170.  *  Armalen,  1882,  215,  258. 
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CdFeine  (TaSCEL^O^ 

Chlorocaffeiiie  cJcipSfCH^O^ 

Aminoeaffieme  C^CNEyCNCHJjOsN 

HydiozycftfEeme  CJiOB)(SCRjjJ[}^TH 

DibiODiohydroxyeaffeine  C3{0I[)^CH^0^iBT^ 

DieUioiyhydrozycaffeme  C3(0HXNGHs),02N(0CsH3), 

Ab  the  constitution  of  caflFeine  hms  been  recently  established  by 
a  simple  and  direct  synthesis^  and  received  in  consequence  a  ali^ifly 
different  interpretation  from  the  one  originaUy  attached  to  it  by 
Fischer,  the  nature  of  the  degradation  products  of  the  cafTeJUK 
molecule,  upon  which  the  structure  formerly  depended,  has  lost 
something  of  its  interest  and  value.  The  subject  will  therafine 
be  treated  quite  shortly. 

The  decomposition  of  caffeine  into  dimethylalloxan  and  methyl 
urea  indicates  an  atomic  framework  similar  to  that  of  uric  acid. 
It  also  determines  the  positions  of  two  methyl  groups  and  oat 
oxygen  atom,  and  there  is  probably  a  double  bond.  PositioDS 
have  therefore  to  be  assigned  to  the  third  methyl  groap^  one 
oxygen  and  one  hydrogen  atom.  When  diethoxyhydroxy-caffeine 
is  boiled  with  hydrochloric  acid  it  breaks  up  into  methyl* 
amine,  alcohol,  and  qpocaffeine.  Boiled  with  water,  apocaffeine  is  in 
turn  resolved  into  carbon  dioxide  and  caffuric  acidy  and  finally, 
caffuric  acid  can  be  hydrolysed  into  mesoxalic  acid,  methylamine^ 
and  methyl  urea.  By  the  action  of  hydrogen  iodide  on  caffuric  add, 
hydrocaffuric  acid  is  formed,  which  breaks  up,  on  boiling  with  1>arytl^ 
into  methylamine,  carbon  dioxide,  and  methylhydantoin.  Methyl* 
hydantoin  contains  the  following  atomic  skeleton : 

-C-N(CHa) 

I       >C0 

— C— N 

By  the  action  of  hydrochloric  acid  on  diethoxyhydroxycaffeine,  in 

addition  to  apocaffeine,  hypocaffeine  is  formed,  which  is  decomposed 

by  bases  into  caffdline  and  carbon  dioxide.    As  caffoline  is  converted 

on    oxidation   into    dimethyloxamide,  it   probably   possesses   the 

following  formula : 

HO.HC— NCH3 


.L>^ 


CH3 .  HN .  C=N 

Assuming    methylhydantoin    and    caffoline    to    represent    the 
iminazole  nucleus,  an  assumption  which  is  justified  by  the  relatiire 
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positions  of  the  methylamino  groups,  Fischer  represented  caffeine 
and  hydrozycaffeine  by  the  following  formulae : 

CH3N— CH  CH3N— C .  OH 

I      II  I      II 

00    C— NCH3  00    0— NCH3 

I    I     >c6  II     >co 

CH3N— C=N  CH3N-C=N 

Caffeine.  Hjdroxycaifeine. 

The  subsequent  discovery  that  hydroxycaffeine  was  identical  with 
triinethyluric  acid,  and  yielded  by  further  methylation  with  methyl 
iodide  and  potash,  tetramethyluric  acid,  led  to  the  adoption  of  the 
formula  proposed  by  Medicus,  for  it  is  clear  that  tetramethyluric  acid 
could  not  be  derived  from  a  substance  possessing  the  formula  origin- 
ally assigned  by  Fischer. 

CH3N— CO  CH3N— CO 


00    C— NCH3  OC    C— NCH3 

I     II     >CH  I     II     >c6 

[glir— C— N  CH3N— C— NH 

Caffeine,  Trimethylaric  acid. 


Fischer  observed  that  xanthine,  on  oxidation  with  potassium 
chlorate  and  hydrochloric  acid,  was  converted  into  alloxan  and  urea, 
inrhilst,  on  heating  xanthine  with  hydrochloric  acid  at  190°,  it  was 
resolved  into  glycocoll,  ammonia,  and  carbon  dioxide.  Both  of  these 
reactions  clearly  established  the  close  relation  existing  between 
xanthine  and  uric  acid,  and  the  further  observation  that  theobromine 
Tvas  formed  by  the  action  of  methyl  iodide  upon  the  lead  salt  of 
xanthine  established  its  connection  with  theobromine  and  caffeine. 

The  constitution  of  theobromine  is  deduced  from  its  conversion 
into  caffeine  on  methylation,  and  by  the  fact  that  it  yields  methyl- 
alloxan  and  methylurea  upon  oxidation;  further,  that  bromotheo- 
bromine  is  converted  with  potash  into  hydroxytheobromine,  which 
has  been  identified  as  8 .  7-dimethyluric  acid. 

Strecker's  earlier  discovery,  that  guanine  can  be  transformed  by 
nitrous  acid  into  xanthine  on  the  one  hand  and  oxidised  to  guanidine 
on  the  other,  determined  the  structure  of  guanine  as  an  amino 
xanthine.  The  accepted  formulae  of  these  compounds  are  those 
originally  assigned  to  them  by  Medicus.^ 

^  Annaleny  1875,  175,  28C. 
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HN— CO 

I      I     ■ 
00    C— NH 

I      II      >CH 
HN— 0— N 

Xanthine. 


HN— CO 

I       I 
OC    C— NCH. 


HN— CO 

I      I 


CH 


I     II      >CH 
•N— C— N 


HN=C    C— NH 

I      II       >CH 
HN— C— N 

Qnanine. 


Theobromine. 

The  above  are  not  the  only  xanthine  derivatiYeB  which  occur  in 
nature.  Since  Fischer's  paper  appeared  new  methyl  xanthines  hare 
been  brought  to  light.  The  following  table  contains  a  list  of  these 
compounds,  their  sources  and  their  structure.  Those  which  occur  in 
urine  are  probably  derived  from  the  breaking  down  of  caffeine. 

Natural  Xanthine  Bases. 


Name, 

3ynonym. 

uocufTtnccm 

Xanthine 

l-Hethylzanthine 

7-Methylxanthine 

1 .  S-Dimethylxanthine 

1 . 7-DimethyIzanthine 

8 .  T-Dimethylzanthine 

1.8. 7-Trimethylzanthine 

Heierozanthine 

Theophylline 

Paraxanthine 

Theobromine 

Caffeine 

Animal  tiasaea 
Urine 
Urine 
Tea 
Urine 
Cocoa 
Tea,  coffee,  kola,  &e. 

In  addition  to  the  above,  hypoxanthine  and  adenine,  though  not 
strictly  xanthine  derivatives,  may  be  referred  to  as  accompanying 
guanine  and  xanthine  in  the  products  of  hydrolysis  of  nucleic  acids. 
They  are  closely  related  to  one  another,  for  adenine  is  converted  into 
hypoxanthine  by  the  action  of  nitrous  acid.  Hypoxanthine  is 
6«oxypurine  and  adenine,  the  corresponding  amino-derivative. 

N=C.NHa  HN— CO 


HC    C— NH 

I     II       >CH 

N— C-N 

Adenine. 


I 

HC 


C— NH 
II       >CH 


N— C— N 

Hypoxanthine. 


Synthesis  of  the  Xanthine  Bases.  Having  established  the 
constitution  of  the  xanthine  bases  as  reduction  products  of  uric  acid 
and  the  methyl  uric  acids,  the  question  arises,  how  can  the  syntheses 
of  these  different  products  be  effected  ?  Uric  acid  might  be  reduced 
to  xanthine  and  the  xanthine  methylated,  or  uric  acid  might  be 
converted  into  monomethyluric  acid,  then  reduced  to  monomethyl 
xanthine  and  further  methylated ;  or  finally,  the  di-  and  tri-methyl- 
uric  acids  might  be  first  prepared,  and  then  reduced  to  the  corre- 
sponding di-  and  tri-methyl  xanthines.    All  three  methods  have  been 
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utilized  in  turn  by  Fischer  and  carried  to  a  Buocessful  issue ;  and 
Binoe  the  process  is  simihir  in  each  case,  one  or  two  examples  may 
Buffice  by  way  of  illustration. 

When  1  •  8 . 7-trimethyluric  acid  is  heated  with  a  mixture  of 
pentachloride  and  oxychloride  of  phosphorus,  it  yields  chlorocaffeine. 
Tetramethyluric  acid  pelds  the  same  product  with  the  elimination 
of  a  methyl  group  in  the  form  of  methyl  chloride.  Chlorocaffeine 
is  then  reduced  with  strong  hydriodic  acid  to  caffeine.^ 

CHsN— CO  CH3N— CO  CHaN— CO 

00    C— NCHa  ^       00    C— NCH3     -^       00    C— NCHj 

III      >C0  I      II      >CC1  I     II     >CH 

CH3N— C— NH  CHaN-^C— N  CHaN— 0— N 

1.8.  T-Trimethylurio  aoid.         Chlorooaifeine.  Caffeine. 

1  •  8-Dimethyluric  acid  behayes  similarly  and  forms  theophylline* 
CHaN— CO  CHaN— CO  CHaN— CO 

OC     C— NH      -►       00    C— NH       -►       00    C— NH 

I      II      >C0  I      II      >CC1  r     II      >CH 

CHaN- C— NH  CHaN— C— N  CHaN— C— N 

1 .  S-Dimethylurio  aoid.  Chlorotheophylline.  Theophylline. 

This  process  cannot,  however,  be  applied  to  uric  acid  in  order  to 
obtain  xanthine  or  to  8-  or  7-monomethyl-  or  to  8.7-dimethyl-uric 
add,  which  might  lead  to  the  synthesis  of  theobromine;  because 
in  the  first  case  the  substance  is  destroyed  and  in  the  other  cases 
the  chlorine  atom  replaces  the  wrong  oxygen  atom,  L  e.  instead  of 
replacing  it  in  position  8,  which  is  essential  to  the  success  of  the 
operation,  it  enters  position  6. 

The  happy  idea  of  employing  phosphorus  oxychloride  alone,  in 
place  of  the  mixture  of  pentachloride  and  oxychloride,  has  overcome 
this  unforeseen  difficulty  and  given  a  fortunate  turn  to  the  investiga- 
tion. 

By  this  modification  8 . 7-dimethyluric  acid  may  be  made  to  yield 
ohlorotheobromine ;  or  better  still,  8-methyluric  acid,  which  can  be 
obtained  by  the  direct  methylation  of  uric  acid,  may  be  converted 
into  8-methyl-8-chloroxanthine.    The  latter  can  either  be  methylated 

1  The  direet  reduction  of  the  methyloric  aoids  to  xanthine  bases  has  never 
been  effoeted  by  ohemieal  reagents.  Electrolytic  methods,  which  have  been 
investigated  by  Tafel,  have  shown  that  it  is  the  oxygen  of  the  earbonyl  group 
in  position  6  which  is  replaced  by  hydrogen.    Ber^  1901,  84,  S79. 

oc 
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with  methyl  iodide  in  preeenee  of  eanstic  potuh  ao  as  to  give  dilofo- 
theobrDmine  and,  by  methylatiMi,  chlorocaffeine,  and  then  redoeedv 
or  fint  leduoed  to  8-methyIzanthine  and  then  methylated.  As  a 
nil«^  however,  the  methylation  of  the  chlorine  eompoond  ia  mote 
eaaily  effected  than  that  of  the  leduced  piodnct.  Panaomfhiiia 
(1  •  7*dimethylzantfaine)  may  be  obtained  from  1 .  T-dimethyhme 
aeid,  and,  in  a  amilar  manner,  converted  by  methylation  into 
eaffeina 

The  following  scheme  will  indicate  the  various  directions  in  whidi 
the  synthesis  of  caffeine  has  been  accomplished. 


TJrioAfiid 

I I _L-^ 

8.m««Ji7l.i  1.8^meUiyl-i  l.T^limethyl-  S.T-dimethjl-l.S.T.tnmethyl-^  'Mrmta^ 
urie  aoid        uric  acid  uric  acid  nrie  aeld  oiio  aoid  uie  aeii 

i 
ChlorociiBi 


1 


i  i  i  4 

8-meihyl-    Theophylline    PArazanthine  Theobromine 
xanthine  I  I  | 

Oaffoine 


Heteroxanthine  (7-methylzanthine)  has  been  obtained  by  tho 
action  of  phosphorus  ozychloride  on  theobromine,  which,  by  the 
elimination  of  one  methyl  group,  forms  7-methyldiohloropurina 
By  boiling  this  substance  with  hydrochloric  acid,  7-methylzantfainB 
is  formed.  Xanthine  cannot  be  prepared  from  uric  add  in  ao 
direct  and  simple  a  manner  as  the  above,  even  when  pho6ph<»iiB 
ozyehloride  alone  is  used,  for  the  first  product^  obtained  in  this  way, 
is  8-oxy-2. 6-diohloropurine ;  but  by  the  action  of  a  large  excess  of 
phosphorus  ozyehloride,  uric  acid  may  be  made  to  part  with  its  last 
atom  of  oxygen.  Trichloropurine  is  then  produced,  and  this  com- 
pound has  served  for  the  synthesis  of  xanthine,  its  nearly  related 
derivates,  hypoxanthine,  adenine,  and  guanine^  and  finally,  purine, 
the  parent  substance  of  the  whole  group. 

When  trichloropurine  is  treated  with  aqueous  potash  it  yields 
6-oxy-2 . 8-dichloropurine.  The  latter  compound  may  be  direetiy 
reduced  with  hydriodic  acid  to  hypoxanthine,  or  converted  with 
alcoholic  ammonia  into  chloroguanine,  which  on  reduction  fonni 
guanine.  Aqueous  ammonia  converts  trichloropurine  into 
2  •  S-dichloropurine,  which  yields  adenine  on  reduction. 

'  These  alkyluric  aoida  are  formed  by  the  direct  methylation  of  urio  acid. 
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HN— €0  HN— 00 

CIO     0— NH  -^    HO     i- NH 

II      II     >C01  II      II      >CH 

N— 0— N  N— 0— N 

6-Ozy-3 . 8-diehIoropurine.  HypoxMitbine. 

/ 

N=C01  N=C .  NH,  N— 0 .  NH- 

11  II    I  LI 

do    0— NH         _*  010    0— NH        -^  HO    0— NH 

II     II      >00I  1     II      >00I  II     II      >0H 

N— 0— N  N— 0— N  N— O— N 

Triehloropurine.       6-Aiiituo-2 . 8-diohIoropnrine.  Adenine. 

\ 

HN— 00  HN— 00 

HjN.O     0— NH    -►  HjN.O     0— NH 

II      II     >C01  II     II      >0H    ■ 

N— 0— N  N— 0— N 

Chlorogtuinine.  Goimine. 

With  strong  hydriodie  acid,  triehloropurine  is  further  converted 
into  diiodopuiine,  which  yields,  with  hydrochloric  acid,  ximthine, 
and  with  zinc  dust  and  water,  purine. 

N=OI 


AL, 


-NH 

II     II       >0H 
N— 0— N 
DUodopurme. 

y  \ 

HN— 00  N=OH 

00     0— NH  HO     0— NH 

II      II      >0H  II      II     >0H 

HN— 0— N  N— 0— N 

Xanthine.  Poilne. 

An  altematiye  method  for  the  synthesis  of  xanthine  &om  2:6:8- 
triehloropurine  is  to  convert  that  substance  by  the  action  of  sodium 
ethozide  into  2 .  6-diethoxy>8-chloropuxine,  and  then  to  reduce  the 
product  with  hydriodie  acid. 

N=001  N=000,Hj  HN— 00 

CaC     0— NH        -►  O^HjOC     0— NH         -►  00     0— NH 

II     II      >001  II      II      >001  I      II     >0H 

N— O— N  N-0— N  HN— 0— N 

S.  S.  S'Trichloropurine.    2 . 6-I>iethozy-8-chloroparine.  Xanthine. 

oca 
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The  direct  synthesis  of  purine  has  recently  been  carried  out  by  Issy.' 

The  starting-point  is  5-nitro-uracil,  the  preparation  of  which  has 

already  been  described  in  connection  with  the  synthesis  of  uric  acid 

by  Behrend  and  Boosen  (p.  874).     2-Nitro-uracil,  on  being  heated 

under  pressure  with  phosphorus  ozychloride,  is  converted  into  2  .  4^11- 

chloronitropyrimidine,  which,  on  treatment  with  ammonia^  loses  one 

chlorine  atom  and  passes  into  2-chloro4-amino-5-nitropyriniid]n& 

On  reduction  with  hydriodic  acid,  4 . 6-dianiinopyrimidine  is  prodnoed, 

which  is  then  converted  into  the  formyl  derivative.     The   latter 

substance,  when  heated  to  210°  loses  the  elements  of  ivater  and  yields 

purine. 

N— CH 


HN— CO 

I      I 
OC    C.NO2 

I      II 
HN— CH 

5-Nitro-uraoil. 


=CH 


I 
HO    C.NH. 

«     II 
N— C.NHj 

4 . 6-Diamino- 


I       I 

OIC    C.NOj    -• 

11     1 
N— CCl 

2 . 4-DicUoro- 
S-nitropyrimidine. 

N=CH 

HO    C.NH.CHO 

I      11 
N— C.NHg 

Formyl-diamino- 
pyrimidine. 


N=CH 

I      I 
010    C.NO, 

a    H 

N— C.NHj 

2<!]iloro-4-aiiiino- 
S-nitropyrimidine. 

N=CH 

-♦  HO    0— NH 

II     II      >0H 
N— C— N 
Purine. 


PTrimidine. 

Purine,  although  neutral  to  litmus,  fonns  well  characterized  salt^ 
and  shows  surprising  stability  towards  oxidising  agents. 

Trauma  Sjfnthetis  of  XcmStme  Bates.  This  method  closely  resembles 
Traube's  synthesis  of  uric  acid  (p.  876).  Oyanacetylurea  is  cm- 
verted,  as  before,  into  4-amino-2 .  6-dioxypyrimidine ;  this  substance 
is  acted  upon  with  nitrous  acid,  and  the  resulting  isonitroso  compound 
reduced  to  4 .  &<liamino-2 .  6-dioxypyrimidine.  Xanthine  is  obtained 
from  the  latter  substance  by  heating  the  sodium  salt  of  its  fonnyl 
derivative,  which  is  prepared  by  boiling  with  formic  add. 


HN— CO 

I      I 
00     ONHj     -»- 

I      I 
HN— CNH, 

i .  6-Diamino- 
2 . 6.diox7pyrimidine. 

HN— 00 

I       I 
.     00     ONNa.OHO 


HN— 00 

I      I 
00     ONH.OHO 

I      I 
HN-ONH, 


HN— 00 

I      I 


HN— CNH 


_^     00     0- NNa 

I      II      >0H 
HN— O— N 
Sodium  salt  of  umthine. 

1  Sir.,  190e,  89,  260. 
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The  method  has  been  very  widely  applied  to  the  synthesis  of  many 
other  members  of  the  purine  group.  Thus,  if  cyanacetylguanidine 
be  substituted  for  cyanaoetylurea,  the  final  product  will  be  guanine^ 
'whilst  with  mono-  and  dimethyl-Ksyanacetyl  ureas,  prepared  by  con- 
densation of  monomethyl-  and  dimethyl-urea  with  cyanacetic  ester, 
the  products  will  be  8-methylzanthine  and  1 .  d-dimethylzanthine 
respectively.  Since  S-methylzanthine,  on  methylation,  yields  both 
theobromine  and  cafFeme,  it  is  possible  to  employ  this  method  for 
the  commercial  preparation  of  these  substances.  A  further  extension 
of  the  method  ^  has  led  to  the  synthesis  of  hypozanthine  and  adenine. 
If  thiourea  is  used  as  the  starting  material,  and  submitted  to  a  simOar 
series  of  changes  to  those  described  above,  2-thio-6-oxypurine  will 
resuli  On  oxidising  the  latter  with  dilute  nitric  acid,  hypoxanthine 
is  formed  by  the  elimination  of  an  atom  of  sulphur.  Adenine  is 
obtained  by  a  slightly  different  series  of  change&  Thiourea  under- 
goes condensation  with  methylene  cyanide,  forming  a  thio-pyrimidine 
deiiyative,  which  is  then  converted  into  a  purine  compound  by  the 
methods  employed  in  the  previous  syntheses.  In  the  final  reaction 
the  sulphur  is  eliminated  by  oxidation  with  hydrogen  peroxide. 

NHa    ON       HN— C:NH  HN-CNH^ 

II  II  II 

OS    +CHa-   SO    CHa      -♦      SO    CNH^ 

II  II  I      II 

NH2    ON       HN— 0:NH  HN— ONHj 

HN— C .  NHg  HN— 0 .  NHo 

i     I  II 

^     SO    0— NH  -►    HO    0- NH 

I      II      >CH  II     II      >0H 

HN— 0— N  N— 0— N 

Adenine. 

It  is  of  interest  to  note  that  whilst  caffeine  can  be  prepared  by 
the  methylation  of  various  xanthine  bases,  it  is  possible  to  effect  the 
reverse  change  and  to  obtain  many  of  the  xanthine  bases  from 
caffeine  by  a  process  of  de-methylation.'  By  the  regulated  action  of 
phosphorus  pentachloride  or  of  chlorine  dissolved  in  phosphorus 
oxychloride,  the  following  substances  are  formed : 
CHoN— CO  CHoN— CO 

II  i     I 

OC    C— NCH3  OC    C— NCHj 

I    II    >cci  I     II     >CC1 

CHgN— C— N  CHaClN— C— N 

S-ChlorocafTeine.  8^  8-Ohlorocaffeine. 

1  Anmden,  1904,  381,  64. 

>  Fischer  and  Ach,  JB«r.,  1906,  89,  428. 
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(JHaN-^JO  CHjCSN— 00 

00    O— NOHjOl  00    O— NOHjOl 

I    II     >ooi  I     II     >001 

caer^N— o— N  oh^oin— o— n 

T.  S-Chlorocaifeine.  1'.  V,  7'.  S-Tetraehloroporixie. 

It  will  be  seen  that  chlorine  first  repIaceB  the  hydrogen  in  position  8; 
but,  on  further  chlorination,  the  halogen  enters  the  methyl  groups. 
The  chloromethyl  groups  are  easily  removed  by  heating  with  water, 
with  the  liberation  of  formaldehyde  and  hydrochloric  acid.  By 
this  means  the  abore  compounds  are  conyerted  into  8-chlocopan- 
xanthine,  8-chlorotheophylline,  and  8-chlorozanthine^  which  may  be 
reduced  to  paraxanthine,  theophylline,  and  xanthine  respectively. 

Heteroxanthine  has  also  been  prepared  by  a  similar  series  of 
changes. 

Ths  Formatioii  of  Urie  Acid  in  the  Bodj.  The  relative 
amount  of  uric  acid  excreted  varies  enormously  in  different  animal 
species.  It  forms  the  greater  part  of  the  nitrogenous  constituents 
of  the  excreta  of  birds  and  reptiles,  whilst  in  most  mammals, 
including  man,  the  proportion  is  only  about  2  per  cent  The  origin 
of  the  uric  acid  in  the  two  cases  is  entirely  different.  In  the  case 
of  birds^  ammonia  or  urea  is  converted  into  uric  acid  by  the  liw, 
and  there  is  reason  to  believe  that  ammonium  lactate  is  an  inter- 
mediate product  in  the  reaction.  No  such  conversion  of  urea  into 
uric  acid  occurs  with  mammals,  but,  on  the  contrary,  the  reverse 
change  takes  place,  and  uric  acid,  taken  into  the  body,  is  mainly  con- 
verted into  urea.  This  power  of  destroying  uiic  acid  is  generally 
ascribed  to  an  enzyme  in  the  liver — ^the  so-called  urkoijftic  enapme. 
For  reasons  which  are  unknown  this  destruction  of  uric  acid  is 
never  complete,  so  that  a  certain  proportion  of  the  uric  acid  pieeoit 
at  any  time  in  the  body  escapes  by  way  of  the  urine.  It  is  found 
that  the  uric  acid  present  in  the  urine  of  mammals  is  derived  from 
three  sources.  The  use  of  certain  substances  as  food,  such  as  thymus, 
pancreas,  and  liver,  which  are  rich  in  nucleo-proteides,  is  found 
to  give  riae  to  an  increased  uric  acid  excretion.  The  nudeo-proteideB 
contain  one  or  more  of  the  purine  bases,  xanthine,  guanine,  hypo- 
xanthine  or  adenine  in  combination,  and  these  bases  are  converted  into 
uric  acid  by  the  joint  agency  of  the  enzymes  adenaae,  guanase,  and 
xanthine  oxidase  (see  p.  850).  Only  a  portion  of  the  uric  acid  so 
formed  is  eventually  found  in  the  mine.  The  term  'exogenous 
uric  acid '  has  been  employed  to  distinguish  the  uric  acid  directly 
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fix>ni  food  from  thai  produced  in  other  ways.  Since  uric  acid 

is  excreted  during  prolonged  starvation^  or  when  the  diet  is  free  from 

purine  bases,  it  is  necessary  to  assume  that  at  least  part  of  the  uric 

acid  normally  excreted  is  deriyed  from  the  metabolism  of  the  tissues 

and  ifi  independent  of  the  food-supply.     The  term  '  endogenous  uric 

acid  *  is  applied  to  uric  acid  which  originates  in  this  way,  and 

may  arise  from  the  nucleo-proteides  of  disintegrated  cells.     Since 

nucleo-proteides  taken  in  as  food  yield  some  part  of  their  purine 

bases  in  the  form  of  uric  add,  it  is  natural  to  suppose  that  the 

breaking  down  of  the  nucleo-proteides  of  degenerating  body  cells 

would  also  yield  uric  add.     That  this  is  probably  the  case  is 

inferred  from  the  fact  that  conditions  which  cause  a  large  increase 

in  the  production  (and  destruction)  of  nudeated  leucocytes  (such  as 

follows  the  use  of  certain  drugs  and  is  seen  in  leucaemia  and  other 

diseases),  result  in  an  increased  uric  acid  excretion. 

A  third  source  of  uric  acid  is  found  in  purine  hoses  produced  m 
metaiboUsm.  The  important  fact  has  recently  been  recognized  that 
purine  bases  may  be  produced  in  normal  cell  metabolism.  It  has 
been  shown  that  hypoxanthine  is  found  in  the  muscles,  and  that 
the  quantity  is  increased  during  activity.  The  hypoxanthine  does 
not  leave  the  muscle  as  such,  but  is  converted  into  uric  acid  by  the 
action  of  an  oxidising  enzyme.  The  mode  of  production  of  the 
hypoxanthine  is  unknown.  It  is  certain  that  the  synthesis  of  purine 
bases  is  readily  carried  out  in  the  living  cell,  because  nucleo-protddes 
containing  purine  bases  are  formed  in  the  development  of  young 
<mimii^l«^  and  the  latter  derive  their  nourishment  from  food  which 
need  contain  no  purine  derivatives. 

REniBBNOSS. 

SY/^OuBm  in  der  Puringruppe^  by  £.  Fischer  :  Bar,,  1899,  82,  486. 
r^gtlabk  APcdUfidiy  by  A.  Pictet,  trans,  by  H.  C.  Biddle.    Wiley,  New  York, 
190A. 


CHAPTER  XI 

THE  PROTEINS 

The  proteins  embrace  a  large  and  ill-defined  group  of  substances 
which  are  derived  directly  or  indirectly  from  living  matter.  They 
form  the  chief  conajbituents  of  the  protoplasm  of  the  majority  of  cdls 
and  enter  into  the  composition  of  animal  tissues  and  secretions. 
A  knowledge  of  their  structure  is  clearly  of  the  greatest  importance 
to  biological  science.  But  their  study  offers  peculiar  difficulties. 
They  are  colloidal,  non-volatile  substances,  and  consequently  diffi- 
cult to  obtain  in  a  state  of  purity.  Moreover,  they  do  not  lend 
themselves  to  investigation  by  simple  chemical  methods.  The  eaxiy 
investigators  who  turned  their  attention  to  the  better  known  but 
more  complex  proteins,  apart  from  collecting  a  number  of  interesting 
empirical  facts,  obtained  little  insight  into  their  real  nature. 

At  a  later  period  the  simpler  members  of  the  group,  such  as  the 
protamines,  were  examined  with  more  success  by  Koasel  and  otiieis. 
Still  more  recently  the  comprehensive  study  of  the  simplest  constiinents 
or  constitutive  fragments  of  the  protein  molecule  which  wasj^r^ 
out  by  Emil  Fischer  and  his  co-workers,  has  thrown  a  flood  of  lig^t 
on  the  subject. .  These  constituents  consist  mainly  of  amino  acids,  for 
which  new  methods  of  separation,  identification,  and  synthesis  bs^e 
been  devised,  so  that  the  structure  of  the  majority  of  them  is  now 
well  known*  The  knowledge  gained  by  these  investigations  has 
clearly  indicated  the  lines  upon  which  the  construction  of  the 
simpler  members  of  the  protein  group  may  be  accomplished,  and 
although  we  are  still  ignorant  of  the  constitution  of  even  the  simplest 
protein,  the  problem  has  lost  something  of  the  hopeless  aspect  that  it 
formerly  presented. 

Before  considering  individual  members  of  the  protein  group,  it 
will  be  convenient  to  give  a  brief  outline  of  the  methods  employed 
in  their  investigation.  Animal  and  vegetable  tissues  and  fluids  must 
of  necessity  serve  as  the  material  for  their  preparation.  The  plan 
almost  universally  adopted  consists  in  prec^pUating  by  various 
means  the  proteins  contained  in  the  aqueous  extracts,  prepared  by 
digesting  the  tissues  with  dilute  alkali,  add,  or   salt  solutions. 
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A  great  number  of  substances  have  been  employed  as  piecipitants,  of 
which  the  most  important  are  ammonium  sulphate,  sodium  chloride, 
sodium  sulphate,  zinc  sulphate,  magnesium  sulphate  or  organic 
liquids,  such  as  alcohol,  ether,  and  acetone.  Frequently  a  protein 
may  be  precipitated  from  an  alkaline  solution  by  acidifying  with 
some  weak  acid  like  acetic  or  carbonic  acid.  All  proteins  are 
precipitated  on  complete  saturation  of  the  solution  with  nmmonium 
sulphate,  a  reagent  which  usually  produces  less  alteration  in  unstable 
substances  than  alcohol  or  other  similar  precipitants. 

The  Yarious  proteins  differ  widely  in  the  relative  ease  with  which 
they  are  precipitated  by  salts,  and  it  has  been  found  that  systematic 
'salting  out'  forms  one  of  the  beet  available  means  of  purification.  It 
has  long  been  known  that  oxyhaemogldbin  (p.  424)  and  certain  of  the 
vegetable  proteins  may  be  obtained  in  the  form  of  well-defined 
crystals,  and,  more  recently,  other  proteins  such  as  egg-  and  serum- 
albumin  have  been  obtained  in  crystalline  form  by  salting  out  under 
special  conditions.  Even  when  crystalline  the  proteins  may  contain 
many  impurities  arising  partly  from  their  power  of  adsorption; 
nevertheless,  by  repeated  precipitation  or  crystallization,  a  number 
have  been  isolated  which  are  believed  to  be  individual  substances 
of  definite  composition. 

The  proteins  contain  carbon,  hydrogen,  nitrogen,  and  oxygen,  and 
most  of  them  sulphur  and  phosphorus  in  addition.  The  relative 
proportion  of  carbon,  hydrogen,  and  nitrogen  in  the  majority  of 
typical  proteins  varies  within  small  limits,  as  will  be  seen  from  the 
following  average  numbers :  caribou,  52-65  per  cent ;  nitrogen,  16-18 
per  cent. ;  hydrogen,  6«5-7*5  percent.  The  molecular  weights  of  the 
proteins  are  extremely  high,  but  in  every  case  exact  determinations 
are  still  wanting.  From  a  consideration  of  the  products  of  hydro- 
lysis, it  is  concluded  that  the  simple  protamines  have  a  molecular 
weight  of  some  multiple  of  2,000;  while  the  assumption  that  the  com- 
plicated protein,  haemoglobin  (approximately  Cu^^iinOi^fiiisVeS^ 
contains  only  one  atom  of  iron  in  the  molecule,  leads  to  a  minimum 
molecular  weight  of  about  16,600.^  Similar  numbers  are  obtained 
from  calculations  based  upon  the  proportions  in  which  carbonic 
oxide  or  oxygen  combine  with  haemoglobin. 

The  employment  of  physical  methods  of  molecular  weight  de- 
termination has  not  led  to  completely  satisfactory  results,  but  they 
at  least  confirm  the  enormously  high  estimates  made  on  chemical 
grounds.    By  the  use  of  the  freezing-point  method,  a  molecular 


Zeit  phvtioL  Chem.^  1889, 14,  28^. 
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weight  of  about  14,000  has  been  assigned  to  egg-albumin.  CSaivfisl 
direct  measurements  of  osmotic  pressure  in  solutions  of  certsiB 
proteins  have  been  made  by  Waymouth  Beid  ^ ;  but^  with  the  ex- 
ception of  haemoglobin,  negative  results  were  uniformly  obtainel 
Assuming  the  molecular  weight  of  haemoglobin  to  be  16,600,  m 
deduced  from  its  iron-content,  it  is  calculated  that,  if  no  dissociatioii 
in  solution  occurred,  a  1  per  cent  solution  of  the  protein  wotild  ipn 
a  pressure  of  10*7  mm.  of  mercuiy  at  15^  Since  the  observed 
pressures  are  only  about  one-third  of  this,  the  true  moleeuhr 
weight  appears  to  be  a  multiple  of  the  minimal  number  cslan- 
lated  from  analysis.  In  this  connection  it  is  of  interest  to  note  that 
the  appearance  of  solutions  of  haemoglobin,  when  examined  in 
a  special  foim  of  microscope  of  high  power,  resembles  that  of  ^i^yHllo^ 
water,  and  presents  a  marked  contrast  to  the  milky  appeanuiea 
of  the  pseudo-solutions  of  certain  other  proteins.  It  is  therrfoie 
probable  that  haemoglobin,  unlike  most  other  proteins,  forma  a  tn» 
solution  in  water. 

Taking  advantage  of  the  fact  that  certain  proteins^  such  as  eaaeiD, 
act  as  polybasic  acids  and  form  neutral  salts  with  alkalis  which  aie 
ionised  in  solution,  Sackur'  has  deduced  molecular  weights  from 
electrical  conductivity  measurements.  In  the  case  of  casein,  the 
combining  proportions  of  sodium  hydrate  and  protein  lead  to  an 
equivalent  of  1,135  for  the  latter,  whilst  the  conductivity  measure- 
ments indicate  that  this  number  must  be  multiplied  from  four  to  m 
times  to  give  the  molecular  weight. 

The  wide  variations  in  the  molecular  weighty  estimated  by 
different  methods,  renders  it  impossible  to  place  much  relianoe  npeo 
the  numbers,  but  as  the  experimental  errors  in  most  cases  tend  to 
give  low  results,  it  is  probably  safe  to  assume  that  few  proteins  hsve 
a  molecular  weight  of  less  than  10,000. 

One  of  the  most  characteristic  properties  of  the  proteins  is  the 
curious  transformation  which  most  of  them  exhibit  when  their 
solutions  are  heated.  At  a  certain  definite  temperature  the 
protein  undergoes  coagulation,  forming  an  insoluble  dot,  which 
does  not  redissolve  on  cooling.  The  exact  temperature  at  whicb 
coagulation  takes  place  varies  with  different  proteins  and  is  infLueneed 
by  the  reaction  of  the  solution  and  by  the  presence  or  absence  of 
salts.  The  clotted  proteins  are  much  more  insoluble  and  generally 
less  reactive  substances  than  the  parent  proteins,  and  they  cannot  be 
reconverted  into  the  original  coagulable  proteins. 

>  Joum.  ofPhytioL,  1904,  81,  488 ;  1906,  88, 12. 
*  HqfiMi^tn  BeHrige^  1902,  8,  198. 
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The  proteins  can  fdnotion  both  as  acids  and  as  bases.  Some, 
each  as  casein,  have  pronounced  acid  properties,  whilst  others 
saeh  as  the  protamines,  are  strongly  basic  substances,  but  indica^ 
tions  of  both  basic  and  acid  nature  may  be  found  in  alL  The  ez« 
planation  of  this  phenomenon  may  be  referred  to  the  presence 
in  the  protein  molecule  of  amino-acid  groups,  in  which  there  is 
a  balance  between  the  basic-amino  and  acid-carboxyl  groups.  If 
a  portion  is  warmed  with  dilute  acid  it  is  converted  into  'acid- 
albumin  ',  while  on  similar  treatment  with  caustic  alkali  it  is  rapidly 
changed  to  an  'alkali  albuminate'.  The  nature  of  the  reactions 
taking  place  is  still  unknown,  but  the  products  of  the  action  of 
acids  and  bases  upon  proteins  show  great  variations  in  properties 
from  the  parent  substances,  and  their  aqueous  solutions  no  longer 
undergo  typical  coagulation  on  heating. 

Colour  Beaotiona  of  the  Pyoteuui.  A  number  of  colour  reactions 
have  been  described  which  were  at  one  time  believed  to  be  charac- 
teristic of  the  proteins.  It  has,  however,  been  found  that  most  of 
these  reactions  are  due  to  the  presence  of  special  amino-acid  groups 
in  the  protein  molecule,  to  which  reference  is  made  later. 

The  Biuret  JReaction.  A  fine  pink  or  violet  colour  is  produced  on 
the  addition  of  an  excess  of  caustic  soda  and  a  trace  of  copper 
sulphate  to  a  solution  containing  proteina  This  reaction  is  given  by 
all  proteins,  as  well  as  by  proteoses,  peptones  (p.  409),  and  all  except 
a  few  of  the  simplest  synthetical  polypeptides  (p.  410),  but  the  test 
fails  with  the  free  amino  acids.  The  tint  varies  considerably,  but  is 
usually  bluish-violet  with  proteins  and  pink  with  the  peptones.  In 
addition  to  the  protein  derivatives,  already  mentioned,  certain  other 
substances,  including  biuret,  malonamide,  and  oxamide,  give  the 
reaction.  Schiff '  has  attempted  to  correlate  those  substances  which 
yield  the  biuret  reaction  with  their  structure,  but  lus  results  are  no 
longer  accepted  as  entirely  trustworthy.  It  is  probable  that  the 
reaction  in  the  case  of  the  proteins  is  due  to  groups  which  result 
from  the  condensation  of  amino-acid  molecules  among  themselves, 
and  as  the  dipeptides  and  many  tripeptides  do  not  give  a  distinct 
reaction,  several  of  these  groups  appear  to  be  necessary. 

The  XanOiqproteic  Beaction.  On  addition  of  concentrated  nitric 
acid  to  a  protein  solution,  followed  by  gentle  warming,  a  deep 
yellow  colour  results  which  changes  to  orange  on  the  addition  of 
ammonia.  The  reaction  is  due  to  the  production  of  coloured  aromatic 
nitro  compounds.    It  is  given  by  nearly  all  proteins ;  for,  with  the 

'  JBar.,  189C,  29,  298 ;  Annaltn,  1897,  299,  286 ;  1901,  819,  800. 
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esceptum  of  the  ptoUmineB^  they  all  contun  heterocyclic  phenji- 
alanine  or  tyioeiiie  groope  (p.  406^ 

WXUnC9  BeaetiotL  Alwwud:  all  proteiii8»  with  the  excepiioa  of 
gektine  and  the  protaminee^  eontun  tyroane  groops  in  ihm 
mokcole^  and  hence  gi^e  a  red  colour  on  wanning  with  Milkii% 
raagent  (p.  407). 

Adamkiaaieg'Hqpkins  Beaetkm.  A  fine  Uoiah-Tiolet  colour  is  pio- 
dnced  on  adding  half  a  Tolome  of  concentrated  sulphuric  acid  to 
a  protein  solution  containing  a  trace  of  glyozalic  acid.^  The  pco- 
duction  of  the  colour  depends  upon  the  presence  of  tryptophane 
groups  (p.  406),  and  a  poeitiYe  reaction  is  therefore  obtained  with  aD 
proteins  with  the  exception  of  gelatine  and  the  protamines.* 

Lead  Suipkide  BeacUtm.  The  minority  of  proteins  contain  sulphur 
in  the  form  of  cystine  groups  (p.  408)  and  give  a  black  precipitate  cf 
lead  sulphide  on  boiling  with  caustic  soda  and  lead  acetate  soluti<Mi. 

Molisch  JReadiotu  A  Tiolet  colour  is  produced  on  adding  strong 
sulphuric  add  to  a  protein  solution  containing  an  alcoholic  solutiaa 
of  a-naphthoL  This  reaction  is  given  by  all  proteins  which  contain 
carbohydrate  complexes  and  depends  upon  the  production  of  furfural 
by  the  action  of  the  mineral  add. 

On  account  of  their  physical  properties  the  proteins  do  not  lend 
themselves  readily  to  direct  investigation.  Their  structure  and 
composition^  as  far  as  they  have  been  elucidated^  have  been 
arrived  at  almost  exclusively  from  a  study  of  their  products  ct 
hydrolysis  and  of  oxidation.  Of  these  two  methods  hydrolysis  has 
proved  to  be  much  the  most  fruitful,  in  fiict,  the  modem  chemistry 
of  the  proteins  is  mainly  concerned  with  the  products  obtained  by 
various  methods  of  hydrolysis.  The  methods  are  of  two  kinds, 
either  purely  chemical,  in  which  mineral  adds,  alkali,  or  superheated 
Bteam  are  employed,  or  biochemical,  in  which  the  proteins  are 
resolved  into  simpler  products  by  means  of  enzymes  which  normally 
occur  in  living  organisms,  particularly  ^in  the  digestive  tract  of 
animals.  The  hydrolysis  of  the  proteins  by  enzymes  is  effected  at 
low  temperatures  and  in  the  absence  of  more  than  traces  of  acM 
or  alkali.  As  the  reaction  occurs  in  several  fairly  well-defined 
stages,  it  has  been  posdble  to  obtain  from  the  complex  proteins 
a  number  of  products,  intermediate  in  character  between  the  simple 
end'products  of  complete  hydrolysis  and  the  parent  substance.  The 
importance  of  this  method  can  hardly  be  over-estimated,  especially 

^  Ordinary  glacial  acetic  acid  usually  contains  traces  of  glyozalic  acid  and 
was  originally  employed  for  this  test  in  place  of  the  pure  aoidl 

'  A  protamine  named  cydopterine,  however,  contains  tryptophane  groupo,  and 
consequently  gives  a  positive  reaction. 
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as  the  course  of  the  reaction  may  be  varied  to  some  extent  by  the 
employment  of  different  enzymes.  The  more  important  products 
of  protein  hydrolysis,  arranged  in  order  of  their  complexity,  are 
proteoses,  peptones  (including  simple  polyx>eptides),  and  amino  acids. 
The  first  two  classes  of  compounds  will  be  referred  to  at  a  later 
stage,  after  the  simpler  amino  acids  have  been  discussed. 

The  Ajnino  Acdds.  If  a  protein,  for  example  egg-albumin  or 
casein,  be  completely  hydrolysed  by  boiling  with  concentrated  hydro- 
chloric add,  a  clear,  dark-coloured  solution  is  obtained  which  no 
longer  gives  the  biuret  reaction.  The  problem  of  separating  and 
identifying  the  products  has  long  taxed  the  chemists'  ingenuity. 
As  long  ago  as  1820  Braconnot  obtained  glycocoll  and  leucine  from 
gelatine,  and  thirty  years  later  Liebig  found  tyrosine  among  the 
decomposition  products  of  horn.  Leucine  and  tyrosine  were  then 
so  frequently  encountered  that  these  two  amino  acids  were  thought 
to  comprise  the  bulk  of  the  protein  decomposition  products. 
With  the  employment  of  better  methods,  other  amino  acids,  such  as 
aspartic  and  glutamic  acids,  were  added  to  the  list,  and  a  great 
advance  was  made  in  1889  when  Drechsel  showed  that  a  considerable 
proportion  of  the  products  of  protein  hydrolysis  were  strongly  basic 
substances  belonging  to  the  class  of  diamine  acids.  Ten  years  later 
HOmer  was  able  to  demonstrate  the  wide  distribution  of  the  sulphur- 
containing  amino  acid,  cystine^  whilst  an  acid  of  an  entirely  new 
type— tryptophane,  a  derivative  of  indole — ^was  isolated  by  Hopkins 
and  Cole.  The  recent  introduction  by  Pischer  of  improved  methods 
for  the  separation  of  amino  acids,  based  upon  their  conversion  into 
volatile  esters  (which  can  be  partially  separated  by  fractional  distilla- 
tion in  vacuo),  has  led  to  the  recognition  of  the  wide  distribution  of 
acids  such  as  alanine,  serine,  and  phenylalanine,  which  had  only  been 
previously  detected  in  the  products  from  a  few  proteins,  and  to  the 
discovery  of  two  cyclic  acids  of  a  new  type,  a-pyrrolidinecarboxylic 
acid  and  hydroxy-pyrrolidinecarboxylic  acid. 

Ptodvoto  of  Froteiii  Vydrolysis.    The  different  kinds  of  amino- 

acids  present  in  the  products  of  protein  decomposition  may  be  classified 

as  follows : 

Monobasic  monamino  acids 

Dibasic  monamino  acids 

Diamine  acids 

Hydroxy-  and  thio-monamino  acids 

Heterocylic  amino  acids 

Aromatic  amino  acids. 
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The  following  table  contains  the  chief  amino  acids  which  km 
been  isolated  from  the  products  of  protein  hydrolysis. 

« 

Manobtuic  Jfonamifio  aeidt, 

» 

aiyooooU  »  uninoAoetio  aeid  (HtN)CHsGOOH 

AUnixie  >■  a-aminopropionlo  aoid  CH,0H(NHa)O0OH 

Valine  •  a-Aminoiioyalerie  aoid  OH«v 

>GHCH(KHt)OOOH 

Leucine  -^  a-aminoiaobutylaoetio  CH«v 

aeid  "^  >CHGH,0H(l!rHt)00OH 

CH/_ 

laoleaeine  ■>  eeoondaxy  Imtyl  a*amino-  0|H«v 

aeetie  acid  >GHCH(NH0COOH 

IHbagic  Mima$iUko  addt* 
▲ipartlo  acid  «  aminoraocinic  acid  CH(lfH0COOH 

CHjOOOH 
Glutamic  add  «  aminoglntario  acid  GH(]f  H|)GOOH 

;h,ch,gooh 

HydnoBif'  cmd  Thtthaminohiidt^ 

Serine  -•  a-amino  -iB-hydroxypro-  GHs(0P)GH(9Hs)00OH 

picnic  acid 

Trihydrozydiaminododecylio  acid  Gi|H|,(0H),(KH£)9G00H 

Gyrteine  -  o-amino-ZS-thiolactic  acid  CH«(8H)GH(NS,)G0OE 

Cystine  8 .  GH,GH(NH,)GOOH 

8.CHtGH(NHs)G00H 

JHamino  acidic 

Ornithine  -  a-Miaminoyaleric  add  (HsK)GH,GHsGHsOH(NHi)GOOH 

Lysine  »  o-c-diaminooaproic  add  (H2N)GH,GH,GHsGHaGH(NHa)000H 

Aiginine  »  a-amino  -  8-guanido-ya-  NH 

lerio  acid  I 

(HaN)C-NHGH,GH,GH,GH(NH,)OOOH 

Heteroeydie  Amino  addB, 

Proline  «  a-pyrrolidine  carbozylic  -cr  n 

add  ^«^ 


ra 

Oxyproline  -  hydroxypyrrolidine  ^O.HG  i lOH, 

carbozylic  acid  **vr.«.v         iv/**, 

HjCijcH.OOOH 


ii 
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"*^^ioIic°^'"  ■  '^*"''"^*-  HCU—0. 0H.0H(H9.)000H 

hnNn 

CH 
Tryptopluuie  -  liidole^minopropi-  ffS"— T^  •  CH,OH(NH,)OOOH 


onieaeid 


B 


ArcmaUe  Amino  tuid$. 

It  will  be  seen  from  the  table  that  there  are  about  twenty  different 
amino  acids,  the  majority  of  .which  are  commonly  found  among 
the  products  of  hydrolysis  of  typical  proteins,  although  their  relative 
proportions  yary  considerably.  Gaseiny  for  example,  yields  all  the 
above-mentioned  products  of  hydrolysis  with  the  possible  exception 
of  glycocoU.  These  acids  are  all  a*amino  acids,  and  constitute 
practically  the  whole  of  the  hydroljrtic  products  of  the  proteins ; 
a  variable  quantity  of  ammonia  (04-5*0  per  cent.)  is  usually  set 
free,  and,  in  the  case  of  hydrolysis  by  acids,  certain  secondary 
deoomposition  products  are  commonly  met  with.  The  mode  in 
which  the  different  amino  acids  are  united  in  the  protein  molecule 
will  be  considered  at  a  later  stage. 

Mondbasie  Monamino  Acids.  The  monobasic  monamino  acids  form 
a  large  part  of  the  products  of  hydrolysis  of  most  proteins.  That 
they  senre  as  a  source  of  energy  available  for  the  animal  organism, 
naturally  follows  from  the  feict  that  they  are  produced  in  large 
quantities  in  the  process  of  intestinal  digestion  of  protein  food. 
They  are  all  crystalline,  sweet-tasting  substances  which  are  soluble 
in  water,  but  insoluble  in  alcohol  and  ether.  They  have  a  neutral 
reaction,  but  form  well-defined  crystalline  salts  with  both  acids  and 
bases.  With  the  exception  of  glycocoU  they  all  contain  asymmetric 
carbon  atoms,  and  they  are  known  in  both  racemic  and  active 
forms,  one  of  the  latter  being  present  in  protein  decomposition 
products.  All  the  amino  acids  of  this  group  have  long  been  known 
and  their  synthesis  has  been  accomplished  by  means  of  the  two 
following  reactions: 

(a)  By  the  action  of  ammonia  upon  halogen  fatty  acids,  e.  g. 

^\m .  CHBr .  COOH  -►         ^\cH  •  0H(NH^OOH 

opBromoiaoTalerio  aoid.  a-AminoisoTalerio  aoid. 
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The  a-hramo  hity  mdds,  nefcnwiiy  for  the  syntheeia,  may  bt 
prqiared  by  the  ordiziazy  m^ods  of  direct  bfominatioPy  but  m 
many  eaeee  better  yields  are  obtained  by  bgominating  the  con«- 
^Mmding  alkylmalonic  acid  and  then  conTBiting  ibe  product  into  a 
monobaaie  acid  by  distillation.^ 

{b)  By  Sfafockar's  method^  which  eonaista  in  combining  an  aldehyde 
with  ammonia  and  hydrocyanic  acid  and  hydrolysing  the  resoltiDg 
amino-^fanhydiin,  e.g. 

Aeetaldehyde.  Alanine, 

The  optically  active  acids  are  obtained  from  the  lacemic  format  in 
some  eases  by  th^  actions  of  organisms ;  but  more  generally  by  a 
method  which  is  due  to  E.  Fischer.*  It  consists  in  the  convarsiaD 
of  the  amino  acids  into  strongly  acid  benzoyl  or  fonnyl  deriyativeB, 
which  yield  well-crystallized  salts  with  alkaloids,  capable  of  aepaia- 
tion  by  fractional  crystallization  (p.  78).  The  optically  active  ae^ 
derlTatiTes  yield  the  active  amino  acids  on  hydrolysis. 

Dibaaic  Manamino  Adds*  Two  dibasic  monamino  acida^  aspaitie 
and  glutamic  acids,  are  important  constituents  of  many  proteia 
decomposition  products.  In  the  case  of  the  proteins  from  wheat, 
the  yield  of  glutamic  acid  may  exceed  80  per  cent.  Aspartic  and 
glutamic  acids,  as  might  be  anticipated,  are  strongly  acid  substance* 
which  form  well-defined  metallic  salts^  but  they  still  retain  the  power 
of  combining  with  acids. 

Inactive  aspartic  acid  has  been  synthesised  by  heating  fumazie 
acid  with  ammonia,  and  the  c^acid,  by  acting  upon  2-bromo  suocinie 
acid  with  ammonia,'  whilst  glutamic  acid  was  obtained  by  the 
leduction  of  a-isonitrosoglutaric  acid.^ 

The  Diamino  Acids.  The  diamine  acids  are  strongly  basic  sub* 
stances,  which  are  among  the  most  constant  and  characteristic  pro- 
ducts of  protein  hydrolysis.  The  first  members  were  discov»ed 
by  Drechsel,  who  isolated  lysine  and  a  substance  which  be 
named  lyaatvnine.  The  latter  w&s  subsequently  shown  by  Hedin 
to  be  a  mixture  of  lysine  with  a  base  named  argminef  which 
had  previously  been  detected  in  lupine  seedlings  by  E.  Schula^ 
Somewhat  later  a  third  base  hiaiidine  was  independently  discovered 
by  Kossel  and  by  Hedin,  and  for  some  time  it  was  thought  that 

1  E.  Fischer,  Bar.,  1904,  87,  8062;  1000,  80,  861. 

>  Bwr.,  1899,  82,  2461. 

>  Fischer  and  RotJce,  Ber.,  1907,  40,  1061. 
«  Wolir,  Annakn^  1890,  200,  79. 
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subBtance  might  be  classified  with  lysine  and  arginine,  but  recent 
-work  has  shown  that  it  has  an  entirely  different  constitution 
(see  p.  405).  These  three  bases,  lysine,  arginine,  and  histidine,  each 
contain  six  carbon  atoms  and  are  frequently  spoken  of  as  the  Jiexone 
bases,  but  since  the  constitution  of  these  substances  has  been  ascer- 
tained the  term  seems  scarcely  suitable. 

Arginine  is  perhaps  the  most  widely  distributed  of  the  amino 
acids,  and  althottgh  the  amount  may  be  small,  there  is  no  protein 
which  does  not  yield  this  substance  on  hydrolysis;  thus  elastin^ 
a  connective  tissue  protein,  yields  only  0*8  per  cent.,  while  as  much 
as  90  per  cent,  is  found  in  many  protamines.  It  is  completely 
resistant  to  the  action  of  acids,  but  is  easily  decomposed  by  alkali 
or  by  an  enzyme  argwMse  yielding  urea  and  a  new  diamine  acid, 
(mnthme  (p.  852).  / 

From  the  formulae  of  these  substances  it  will  be  seen  that  they 
all  contain  an  amino  group  in  the  a-position  and  a  straight  chain  of 
five  or  six  carbon  atoms. 

Ornithine  =  (NH2)CH2CH2CH2CH(NH2)COO^ 
Lysine       =  (NHjJCHaCHjjCHjCHaCHtNHjJCOOH 
Arginine  -  (NHg .  0 :  NH .  NHjCHaCHaCHaCHCNHjJCOOH 

A  clue  to  the  constitution  of  ornithine  and  lysine  was  furnished  by 
the  observation  of  Ellinger,^  who  found  that  these  substances  are 
converted  by  the  action  of  putrefactive  organisms  into  tetramethylene* 
diamine  and  pentamethylenediamine  respectively,  whilst  the  relation 
of  arginine  to  ornithine  was  made  clear  by  Schulze's  ^  synthesis  of  the 
former  substance  by  the  direct  addition  of  cyanamide  to  omithiae. 

(H2N)CH2CHaCH2CH(NH2)COOH  +  NHg .  ON 

Ornithine. 

NH 
-  HjN .  C— NHCHaCHaCH^CHCNHJCOOH 

Arginine. 

The  synthesis  of  ornithine  and  lysine  offered  considerable  diffi- 
culties, but  these  have  been  successfully  overcome  by  K  Fischer^ 
and  later  by  SOrensen.^  Phthalimidopropylmalonic  ester,  which 
served  as  the  starting-point  for  Fischer's  synthesis  of  ornithine,  was 
converted  into  phthalimido-a-bromovaleric  acid  by  bromination; 
the  bromine  was  then  replaced  by  an  amino  group  by  means  of 

1  Z^.  physicl.  Ckem.,  1900,  29,  834.  *  Ber.,  1899,  32,  3191. 

*  Btr.f  1901,  34,  454  ;  1902,  35,  3772. 

*  Compi,  rend,  irav,  Laborat,  CarUberg,  6. 
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ammonia^  and  the  prodact  gave  inactiye  ornithine  on  remoTal  of  tk 
phthalyl  group  by  hydrolysia. 

OyCOOCjHj 
NCHjCHjCH,CH<; 

->    CcH^^^^NCHjCHjCHjCHBrCOOH 


°^o 


NCJHjCHaCHjCHCNHJOOOH 

— »    (HjN)CH,CHjCaB[2CH(NHJC00H 

Fischer's  synthesis  of  lysine  depends  upon  the  conyersion  by 
nitrous  acid  of  7-cyanopropylmalonic  ester  into  an  oximino  derivatiTe 
of  a  monobasic  acid.  This  substance  on  reduction  with  sodium  and 
alcohol  yields  a-<-diaminocaproic  acid  (lysine). 


.^° 


OjR 


CNCHjCH2CH2CH<  ->    CNCHjCHgCH,qNOH)CO,B 

7-CyBiiopropylinalonlc  ester.  a-Oximinocyanovalerle  ester. 

-^  (H2N)C3HjCHjCHjCH8CH(NH4)COOH 

LyBine. 

Ornithine  is  not  usually  found  among  the  products  of  hydrolysis  of 
proteins  by  acids.  Lysine,  on  the  other  hand,  is  a  very  general  con- 
stituent of  the  hydrolytic  products  of  proteins,  and  is  absent  only 
from  certain  protamines  and  from  a  few  vegetable  proteins  such  as 
zein  (p.  420). 

Ornithine,  arginine,  and  lysine,  like  many  other  bases,  axe  precipi- 
tated from  acid  solutions  by  means  of  phosphotungstic  acid.  The 
other  amino-acids,  with  the  exception  of  some  of  the  heterocylic  acids 
(histidine  and  a-pyrollidine-carboxylic  acid),  are  not  precipitated  by 
this  reagent,  which  is  therefore  used  as  a  means  of  separation.* 

Hyd/roxy-  and  Thio-fnanamino  Acids.  The  presence  of  serine(a-amino- 
)3-hydroxypropionic  acid)  among  the  products  of  hydrolysis  of  the 
proteins  found  in  raw  silk,  was  observed  as  long  ago  as  1865  by 
Cramer,'  but  it  is  only  wi|;hin  recent  years  that  it  has  been  recog- 
nized as  a  common  protein  constituent  Its  isolation  offers  conside^ 
able  difficulties,  which  are  in  part  avoided  by  the  employment  ot 

^  Methods  for  the  approximate  quantitative  determination  of  lysine^  arginine, 
and  histidine,  are  given  by  Kossel  and  Kutscher,  ZeiU  physiol,  Chem,,  1900, 31, 16ob 
'  J,  prakt.  C^m.,  1865,  96,  76. 
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%3cli«r'8  eater  method  of  separation  (p.  408).  Serine  contains  an 
Byznxnetric  carbon  atom,  and  proteins  yield  the  laevo  form.  Its  con- 
titntion  follows  from  its  conversion  into  glyceric  acid  by  the  action 
if  nitrous  acid,  from  its  redaction  to  alanine  by  hydriodic  acid,  and 
rom  its  synthesis  which  has  been  accomplished  by  Fischer  and 
[jeuchs,^  and  also  by  Erlenmeyer.'  The  two  former  obtained  a  small 
[uantity  of  serine  by  the  hydrolysis  of  the  aminocyanhydrin  derived 
rom  glycollic  aldehyde. 

CHjjCOH)  CHjj(OH)  CH2(0H) 

C«0         ->    CH(NH2)    ->     CH(NHj) 
H  ON  COOH 

Although  it  is  likely  that  hydrozyamino  acids  constitute  an 
im]>ortant  part  of  the  fragments  of  the  protein  molecules,  serine, 
diamino-trihydroxy-dodecylic  acid  and  hydrozypyrrolidine  carboxylic 
acidy  are  the  only  representatives  of  this  class  of  substances  which 
have  00  far  been  isolated. 

The  larger  part  of  the  sulphur  of  most  proteins  is  found  among  the 
products  of  hydrolysis  as  cystine  or  cysteine.  The  latter  substance  is 
the  sulphur  xmalogue  of  serine,  whilst  cystine  is  the  corresponding 
disulphide.'  Apparently  cystine  is  the  primary  product,  but  it 
may  be  partly  reduced  to  cysteine  during  hydrolysis.  The  same 
reduction' is  readily  brought  about  by  zinc  and  dilute  sulphuric  acid, 
while,  on  the  other  hand,  cysteine  dissolved  in  dilute  ammonia,  is 
readily  oxidised  by  air  to  cystine. 

S .  CH2CH(NHa)C00H 

CH2(SH)CH(NHj)C0OH  I 

^      '      ^      ^  S .  CHaCH(NHa)COOH 

Oysteizie.  GyBtine. 

Cysteine,  unlike  serine,  is  powerfully  laevo-rotatory,  although  it  U 
partially  racemised  in  the  process  of  hydrolysis.  It  is  readily  pi'e- 
pared  from  horn  or  hair,  which  may  yield  from  seven  to  fourteen 
per  cent.^  The  racemic  form  has  been  obtained  by  Erlenmeyer. 
jun.,'  by  methods  similar  to  those  which  he  employed  in  the  synthesis 

^  Ber.,  1904,  85,  8787 ;  1906,  30,  2942  ;  1907,  40,  1601. 
'  £er.,  1904,  85,  3769. 

*  Acoording  to  Baumann's  original  fonnulae  for  cysteine  and  cystine,  the 
nitrogen  and  sulphur  atoms  were  attached  to  the  same  carbon  atoms.  The 
present  formula  is  determined  by  the  work  of  Friedmann,  Biit  chgm.  Pky$.  u, 
PvUh.,  1902,  a,  438,  and  Neuberg,  Ber.,  1902,  85,  3161. 

*  K.  A.  H.  MOrner,  Zeit  pkytiol.  Oiem.,  1899,  28,  599  ;  1901,  84,  207  ;  1904,  42, 
847, 

'  ^nnolen,  1904,  807,  286. 
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of  serine.  Ethylformyl  hippurate,  prepared  by  the  condensatioii  d 
fonnio  and  hippuric  eaters,  forms,  on  reduction,  the  ester  of  beoso^ 
serine,  and  this  substance  yields  on  treatment  with  phosphoni 
pentasulphide  a  thio-derivative,  from  which  cysteine  maybe  obtainti 
on  hydrolysis.  Cysteine,  as  already  mentioned,  may  be  reidSr 
oxidised  to  cystine. 

CHO  CHjOH 

I  I 

CH.NHCOCcHa     ->    CH-NHCOC^Hs 

COOCjHs  COOC2H5 

CHj.SH  CHg.SH 

-♦    CH.NHCOCflHfi  -♦    CH.NH, 

COOC2H3  COOH 

Cystine  and  cysteine  &re  substances  of  considerable  physiologied 
importance,  since  many  other  compounds,  such  as  hydrogen  salphida^ 
methyl  mercaptan,  ethyl  mercaptaa,  ethyl  sulphide,  taurine,  ad 
other  substituted  sulphuric  acidise  are  obtained  by  their  deoompositiflB 
through  the  agency  of  living  organisms. 

Heterocyclic  Amino  Acids.  a-Pyrrolidine  carboxylic  acid  (proline) » 
the  simplest  member  of  this  group  of  amino  acids.  It  was  discov^rad 
by  Fischer  ^  among  the  products  of  hydrolysis  of  casein  and  idenlified 
with  the  synthetical  acid  which  shortly  before  had  been  obtained 
by  Willst&tter,'  by  the  action  of  ammonia  upon  a-8-dibromopropyl- 
malonic  ester. 

Further  inyestigation  has  shown  that  this  acid  occurs  among  the 
decomposition  products  of  a  variety  of  proteins,  including  the  prot- 
amines. It  is  not  certain  whether  a-pyrrolidine  carboxylic  acid  is  a 
primary  product  of  hydrolysis,  for  it  might  be  derived  from  a-amino 
S-hydroxyvaleric  acid,  which  readily  passes  into  p3rrrolidine  carbox^e 
acid  on  treatment  with  acid&  This  hydroxy  acid  has  not,  however, 
been  detected  among  the  products  of  protein  decomposition. 

a-Pyrrolidine  carboxylic  acid  is  readily  soluble  in  alcohol,  and  can 
be  partially  separated  by  this  solvent  from  most  other  amino  acids. 
It  is  known  in  both  the  active  and  racemic  forms. 

Shortly  after  the  discovery  of  pyrrolidine  carboxylic  acid,  Fischer 
found  a  hydroxy  derivative  of  the  same  acid  among  the  products  of 
hydrolysis  of  gelatine.'     The  isolation  of  the  latter  is  a  tedious  and 

^  Zeii.phyml.  Chem,,  1901,  83,  167;  1902,  85,  227. 

«  Ber.,  1000,  88,  1160.  »  Ber.,  1902,  86,  2660. 
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difficult  process,  and  has  only  been  accomplished  in  the  case  of  a  few 
proteins.  It  is  a  strongly  laevorotatory  substance,  and  on  reduction 
is  converted  into  pyrrolidine  carboxylic  acid.  Two  stereoisomeric 
hydrozypyrrolidine  carboxylic  adds,  with  the  following  structural 
formula, 

HO .  HO— CH, 

I      I 
H«C    CH.COOH 

\y 

NH 

have  recently  been  synthesized  by  Leuchs,^  and  one  of  these  probably 
corresponds  to  the  racemic  form  of  the  optically  active  acid  obtained 
by  Fischer. 

'  Histidine  is  an  interesting  amino  acid  which  has  been  found  among 
the  products  of  hydrolysis  of  many  different  proteins.  It  was  dis- 
covered by  Koesel '  among  the  decomposition  products  of  a  protamine 
named  stwrine  (p.  416),  and  was  obtained  independently  by  Hedin  ^ 
from  the  products  of  hydrolysis  of  the  more  complex  typical  animal 
and  vegetable  proteins.  The  quantity  is  usually  small,  but  in  some 
proteins,  such  as  globin,  the  yield  may  be  as  high  as  10  per  cent. 

Until  recently  histidine  was  classified  among  the  diamine  acids,  but 
it  is  now  known  to  have  little  in  common  with  these  substances. 
Histidine  is,  in  fact,  an  iminazole  derivative  which  accounts  for  the 
formation  of  a  red  colouring  matter  when  it  is  treated  with  alkaline 
solutions  of  diazonium  salts  (p.  422).  The  generally  accepted  formula 
for  histidine  (I)  which  was  adopted  by  Pauly  *,  has  received  support 
from  the  experiments  of  Enoop  and  Windaus^  who  showed  that 
j9-iminazole  propionic  acid  (III)  was  formed  by  the  reduction  of  tho 
substance  (11),  obtained  by  the  action  of  nitrous  acid  upon  histidine. 

CH— NH  CH— NH  OH— NH 

II  >CH  I  >CH         II  >CH 

C N  C N  0 N 

I  I  I 

CHn  GHo  GHo 

I  I  I 

CH(NH2)  CH(OH)  CHj 


COOH  ,  COOH  COOH 

I  II  III 

>  Ber. ,  1905,  88,  1987. 

>  ZtiL  physUiL  Ckem.,  189e,  22,  176. 
^  ZtiU  phydoL  Chem,,  1896,  22,  191. 
*  Zeit  physioL  C%«m.,  1904,  42,  60a 
^  Beitr.  z.  Chem.  Phyt,  u.  Paih,,  1905,  7,  144. 
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Knoop  and  Windaua  synthesized  yS-iminazoIe-propionie  acid  bf 
condensing  glyoxylpropionic  acid  with  ammonia  and  formaldehyde 


CHO 

I 
CX) 


NH3    H 

+         +    >CH 
NH3    0 


>CH 


CH 


t 


CHj 

I 
COOH 


CH— NH 

II         ) 
C N 

I 
CH, 

CH, 


+  8H,0 


COOH 


Tryptophane^  which  was  first  isolated  &om  casein  by  Hopkins  and 
Cole,'  contains  an  indole  nucleus,  and  therefore  presents  certain 
analogies  with  the  aromatic  as  well  as  with  the  heterocyolio  aieid& 
Though  one  of  the  most  constant  constituents  of  the  proteins,  it  is  not 
found  in  most  of  the  protamines  nor  in  gelatine. 

Some  knowledge  of  the  structure  of  tryptophan^  is  derived  firom 
the  fact  that,  on  fusion  with  potash,  it  gives  both  skatole  and  indole, 
and  a  similar  decomposition  is  brought  about  by  putrefitctive  organ- 
isms which  yield,  in  addition,  indole-aoetic  acid  and  indole-propionic 
acid  (II).  Tryptophane  has  not  yet  been  synthesized ;  but  its  reaotioos 
agree  well  with  the  following  formula  (I) : 


|0Hj.CHNH,.C0OH 


^^ 


CH,.CH,.COOH 


^V 


I.  Tryptophane.  II.   Indole-propionic  acid. 

That  the  amino  group  is  probably  in  the  a-position,  follows  from  the 
observation  of  Hopkins,  that  optical  activity  disappears  when  trypto- 
phane is  converted  into  indole-acetic  acid. 

Tryptophane,  either  in  the  free  state  or  when  combined  in  the 
protein  molecule,  is  readily  detected  by  the  deep  violet-blue  colour 
which  it  yields  on  treatment  with  strong  sulphuric  acid  and  a  trace 
of  glyozylic  acid.  A  violet  colour  results  on  the  addition  of  a  small 
quantity  of  chlorine  or  bromine  to  an  acid  solution  of  tryptophane. 

The  Aromatic  Amino  Acids  {Phenylalanine  and  Ttfrasine).  Phoiyl- 
alanine  (a-amino-)9-phenylpropionic  acid)  was  found  by  Schulze*  more 
than  twenty-five  years  ago  in  plant  seedlings,  and  in  the  products  of 
hydrolysis  of  seed  proteins  ;  but  it  is  only  within  recent  years,  with 
the  aid  of  the  ester  methods  of  isolation,  Uiat  phenylalanine  has  been 


^  Joum,  ofPhysioL,  1901,  27,  418 ;  1908,  29,  451. 

■  E.  Schulze  and  Bosshard,  Ber.,  1881, 14,  1785 ;  Zeii.  pkifsiol.  Cftem.,  1884^  9, 6S^ 
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recognized  as  a  common  constituent  of  the  typical  proteins.  Phenyl- 
alanine in  most  respects  resembles  the  aliphatic  monamino  acids.  On 
oxidation  with  potassium  bichromate  and  sulphuric  add  it  yields 
phenylacetaldehyde,  which  is  readily  detected  by  its  hyacinth-like 
odour.  It  is  interesting  to  note  that  phenylalanine  under  the 
influence  of  bacteria  yields  phenylethylamine,  phenylacetic  acid,  and 
phenylpropionic  acid,  changes  which  closely  resemble  those  sustained 
by  tyrosine  and  tryptophane  under  similar  conditions. 

Phenylalanine  was  first  synthesized  by  Erlenmeyer  and  Lipp  ^  as 
follows :  phenylacetaldehyde  is  converted  into  the  nitrile  of  phenyl- 
alanine by  the  action  of  ammonia  and  hydrocyanic  acid  and  yields 
phenylalanine  on  hydrolysis  with  acids. 

Phenylacetaldehyde.  Phenylalanine  nitrile. 

.  ~>  /       NcHjCHCNHJCOOH 

Phenylalanine. 

A  more  convenient  synthesis  from  benzylmalonic  acid  has  been 
described  by  Fischer,'  who  has  also  resolved  the  racemic  acid  into 
its  optically  active  components. 

Tyrosine  (a-amino-)3-hydroxyphenyl-propionic  acid)  was  one  of  the 
earliest  known  protein  derivatives,  and,  on  account  of  the  ease  with 
which  it  may  be  detected,  its  presence  has  been  established  in  almost 
all  proteins  with  the  exception  of  gelatine  and  some  of  the 
protamines. 

Tyrosine  is  readily  detected  by  Millon*s  reagent,'  which  gives 
a  red  coloration  or  precipitate  on  warming.  This  reaction  is  due  to 
the  phenolic  group  and  is  shared  by  other  phenols,  but  among  the 
protein  derivatives  no  substance  other  than  tyrosine  reacts  in  this 
manner.  The  test  is  directly  applicable  to  proteins  as  well  as  to 
free  tyrosine. 

The  synthesis  of  tyrosine  has  been  accomplished  by  nitrating 
phenylalanine,  reducing  the  resulting jpam-nitro  derivative,  and  then 
replacing  the  amino  group  by  bydroxyl  by  means  of  nitrous  acid. 

/       NcHaCHCNHjJCOOH  ->  0^V<(^        ^CHaCH(NHg)COOH 

->  H^n/        NcHaCHCNHjJCOOH 

*  Ber.,  1882, 15,  1006.  >  B«f.,  1900,  33,  2888 ;  1904,  37,  8064. 

'  A  solution  of  mercuric  nitrate  containing  nitrous  acid. 
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V 

Esters  of  the  Amino  Adds.  The  amino  acid  esters  have  acquired 
great  importance,  not  only  on  account  of  their  employment  in  the 
Bynthesia  of  polypeptides  and  other  amino  acid  derivatiyes,  but  ako 
owing  to  their  great  practical  value  as  a  means  of  separating  the 
acids  from  mixtures  produced  by  protein  hydrolysis.  The  esters  were 
originally  prepared  by  the  action  of  alkyl  iodides  upon  the  acids^  but 
this  method  has  a  limited  application  and  is  no  longer  used.  Cortias 
showed  that  the  amino  acids  were  readily  converted  into  the  hydro- 
chlorides of  their  esters  by  the  action  of  hydrochloric  acid  and 
alcohol,  and  in  some  cases  the  free  esters  were  obtained  from  the 
salts  by  treatment  with  silver  oxide.  A  more  practical  method  for 
the  isolation  of  most  of  the  esters  is  that  devised  by  Fischer/  who 
found  that  the  crude  hydrochlorides  can  be  decomposed  at  a  low 
temperature  with  caustic  soda  and  may  then  be  extracted  by  ether 
from  the  solution,  after  saturation  with  potassium  carbonate.  The 
free  esters  may  be  purified  by  distillation  under  low  pressure.* 
Some  amino  acids,  e.g.  tyrosine,  require  special  methods  for  the 
liberation  of  their  esters,  while  in  the  case  of  the  esters  of  histidine 
and  the  diamino  acids  it  is  impossible  to  effect  purification  by 
distillation. 

The  esters  are  strongly  basic  liquids,  with  a  peculiarly  unpleasant 
smelL  They  form  crystalline  salts  with  acids  and  are  readily 
hydrolysed  by  water  or  alkalis.  They  are  very  reactive,  unstable 
substances,  and  are  converted  into  diketopiperazine  derivatives  on 
long  standing,  or  better,  by  heating  to  100^  OlycocoU  ester,  for 
example,  is  readily  transformed  into  2 . 5-diketopiperazine. 

NHa  NH 


EOOO         /    '  0(iJcH 

NHj  KH 


Glyooooll  ester.  2 . 5-Diketopiperazine. 

It  is  possible  to  e£fect  a  partial  separation  of  the  esters  by  frac- 
tional distillation.  The  investigation  of  the  products  of  hydrolysis 
of  the  proteins,  so  far  as  it  concerns  the  tnono-amino  acids,  is  accom- 
plished by  boiling  the  protein  with  strong  hydrochloric  acid, 
evaporating  under  diminished  pressure,  and  then  treating  the  residue 
with  alcohol  and  hydrogen  chloride.  The  free  esters  are  extracted 
as  described  above  and  are  then  distilled  in  vacuo.    The  different 

1  Ber„  1901,  84,  488. 

>  £.  Fischer,  £er.,  1901,  S4,  438. 
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fractions  are  then  hydrolysed  and  examined  for  the  corresponding 
amino  acids.^  The  boiling-points  of  some  of  the  more  important 
amino  acid  esters  are  given  in  the  following  table : 


Ethyl  Ester, 

b.  p. 

Prnaure 
in  mm. 

Glycocoll 

Alanine 

dZ-AminoisoTaleric  acid 

Leucine 

2-ABpartic  acid 

d-Glutamic  acid 

dlr  Phenylalanine 

51.5'»-52.5° 

4d.5 

63.5 

83.5 
126.5 
139-140 
143 

10 
10 
8 
12 
11 
10 
10 

FroteosM  and  Pej^nea.  The  proteoses  and  peptones  are  sub- 
stances formed  by  the  partial  hydrolysis  of  proteins,  and  their  relation 
to  the  proteins  may  be  compared  to  that  existing  between  the  di- 
and  tri'Saccharoses  or  the  dextrins  and  starch.  They  are  commonly 
prepared  by  the  peptic  digestion  of  proteins.  After  removal  of  any 
unchanged  coagulable  protein,  the  different  proteoses  are  fractionally 
salted  out  with  ammonium  sulphate.*  After  complete  saturation 
with  ammonium  sulphate  the  filtrate  which  contains  the  peptones  is 
evaporated,  freed  as  far  as  possible  from  ammonium  sulphate,  and 
the  peptones  precipitated  with  alcohol.  As  will  be  seen  from  the 
mode  of  preparation  the  proteoses  and  peptones  are  distinguished  by 
their  different  solubilities  in  salt  solutions.  They  may  be  further 
identified  by  the  biuret  test  and  the  action  of  nitric  acid.  The 
proteoses  give  a  reddish-violet  biuret  reaction,  and  are  pi'ecipitated 
by  dilute  nitric  acid  in  the  cold,  especially  in  presence  of  sodium 
chloride;  the  peptones ^ve  an  intense  pink  biuret  reaction,  and  are 
not  precipitated  by  nitric  acid  nor  by  many  protein  precipitants. 

The  peptones  have  a  lower  molecular  weight  than  the  proteoses, 
but  exact  determinations  are  in  most  cases  still  wanting.  They  are 
readily  diffusible  substances,  and  in  this  respect  show  a  great  contrast 
to  the  proteoses,  which  diffuse  but  slightly,  and  to  the  proteins,  which 
are  non-diffusible. 


^  The  practical  details  of  these  operations  will  be  found  in  papers  by  Fischer 
and  others  in  the  Zeit.  physiol.  Chem,,  vol.  88,  et  seq. 

'  The  proteoses  according  to  Ktihne's  classification  are  divided  into  primary 
(protalbomose  and  hetero-albumose)  and  secondary  proteoses,  and  it  was  believed 
that  the  primary  proteoses  on  further  hydrolysis  were  converted  into  secondary 
proteoses  and  eventually  into  peptones.  The  task  of  separating  the  different 
proteoses  has  been  attempted  by  many  chemists  but  cannot  be  referred  to  here. 
It  is  improbable  that  the  substances  obtained  were  chemical  individuals. 


^ 
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A  great  many  different  peptones  have  been  described,  but  ihe 
methods  employed  for  their  isolation  are  such  as  to  lead  to  the  belkf 
that  most  of  them  represent  mixtures  of  closely  related  bodies  rather 
than  individual  substances.  Eecently,  however,  Fischer  ^  h&s  bees 
able  to  separate  a  peptone  (very  probably  glycylalanine)  from  the 
products  of  hydrolysis  of  silk,  and  Levene  and  Beatty  *  have  isolated 
the  anhydride  of  glycylproline  from  the  products  of  the  trypik 
digestion  of  gelatine.  It  can  hardly  be  doubted  that,  if  adequate 
methods  were  available,  many  similar  compounds  would  be  found. 
At  present  all  the  evidence  tends  to  show  that  the  peptones  are 
derived  from  the  condensation  of  comparatively  few  amino  add 
molecules.  This  view  is  strongly  supported  by  the  fact  that  Fischer 
has  been  able  to  unite  a  number  of  amino  acid  groups,  forming  com- 
pounds, known  as  polypeg^UdeSf  which  exhibit.  &  certain  similarity  to 
the  natural  peptones. 

PolTpeptidefl.  According  to  the  number  of  amino  acid  groups 
present  in  the  molecule  these  compounds  are  known  as  di-,  tri-, 
tetra-,  &o.,  peptides.'  The  simplest  of  these  peptides  is  the  di- 
peptide,  glycylglycinej  formed  by  the  union  of  two  mc^ecoles  of 
glycocoll,  whilst  the  so-called  hiureb  hasCy  obtained  by  Curtius  \  by 
the  spontaneous  decomposition  of  glycocoll  ester,  is  an  example  of 
a  simple  tetra-peptide : 

(HgNjCHgCO .  NHCH2COOH 

Glycylglycine. 

(H2N)0H2CO.  NHCH,CO  .  NHCH^CO.  NHOHaCJOOH 

Triglyoylglyoine  (biuret  ba^e). 

The  following  methods  for  the  synthesis  of  these  substanoes  have 
been  devised  by  E.  Fischer : 

(1)  The  action  of  alkalis  or  acids  upon  derivatives  of  2.  b'dtketcpiperth 
zine.  As  already  mentioned  (p.  408)  amino  acid  esters  are  changed 
by  heat  into  derivatives  of  2 .  5-diketopiperazine^  and  many  of  these 
substances  are  converted  into  polypeptides  by  partial  hydrolysis. 

HN<>  >NH  +  H20  ^HaN.CHa.CO.NH.CHo.COOH 

AcO-CHa/  ^ 

Diketopiperazine.  Glycylglycine. 


>  ^er.,  1903,  S6,  2592 ;  1906,  SO,  7; 

*  £^.,  1906,  38,  20S0. 

*  £«r.,  1906,  38,  651. 


52. 

«  Ber.,  1904,  37,  1284. 
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(2)  The  action  of  ammonia  upon  the  products  of  the  reaction  hettceen 
€und  Morides  of  halogen  fatty  adds  and  amino  adds  or  their  esters.  This 
method  has  proved  to  be  of  the  greatest  service  and  renders  possible 
the  successive  introduction  of  different  amino  acid  radicals  into  a 
simple  polypeptide  or  amino  acid.  For  example,  the  product  of  the 
interaction  of  chloracetylchloride  and  glycocoU  yields  glycylglycine 
mrith  ammonia.  _^,. 

CHaCl .  COCl  +  HjjNCHgCOOH  ->  CHaClCO .  NHCHjCOOH 
-^^^  HjNCHjCO .  NHCHjCOOH 

The  glycylglycine  may  again  be  acted  upon  by  another  halogen 
ticid  chloride,  the  product  again  treated  with  ammonia,  and  the 
process  repeated.  Thus,  glycylglycine  may  be  converted  into  leucyl- 
{^glycylglycine  by  the  use  of  a-bromisocaproylchloride. 

%3HCHjCHBrC0Cl  +  HgNCH^CO .  NH .  CH^ .  COOH  -> 

^NcHOHaCHBrCO .  NHCH^CO .  NHCHgCOOH  -> 
CB,/ 

'NcHCHaCHCNH  JCO .  NHCHgCO .  NHCHaCOOH 

or/ 

(8)  From  the  add  ddoridea  of  amino  adds*  Methods  for  the  pre- 
paration of  the  acid  chlorides  of  the  amino  acids  have  only  recently 
been  discovered,  but  these  substances  promise  to  be  of  the 
greatest  use  in  the  synthesis  of  polypeptides.  The  acid  chlorides 
are  obtained  in  the  form  of  hydrochlorides  of  the  general  formula 

E.CH.COCl 

NH3CI 

by  the  action  of  phosphorus  pentachloride  upon  amino  acids,  using 
acetylchloride  as  solvent.  When  brought  into  contact  with  the 
esters  of  amino  acids  they  yield  the  esters  of  dipeptides  from  which 
the  free  peptide  is  obtained  by  hydrolysis.  Alanyl  chloride  and 
.nlanine  ester  give  in  this  way  alanylalanine: 

OH3CH(NH2)COa  +  CHgCHCNH  JCOOC2H5 

->  OHaCHCNHJCO .  NH0H(CH3)C00H 

Alanylalanine. 

The  same  method  serves  for  the  preparation  of  the  acid  chlorides 
of  some  of  the  intermediate  products  used  in  the  production  of 
polypeptidea    For  example,  a-bromisocaproylglycine,  treated  with 


(' 
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phosphorus  pentachloride  and  aoetylchloride,  is  o<mverted  into  an 
acid  chloride  from  which  a  number  of  polypeptides  may  be  prepaied. 
Thus,  on  condensation  with  glycylglycine  ester  it  forms  a  product 
which  gives  the  tetrapeptide,  leucyldiglycylglyoine,  on  hydroIysB 
and  subsequent  treatment  with  ammonia. 

'NcHCHjCHBrCO .  NHCH.COOH  -* 
CH3/  ^ 

>HCH,CHBrCO .  NHCH,00a   -• 

CH 

'NcHCHjCHBrCO.  NHCHjCO .  NHCHjCO .  NHCHjOOOH  -> 

3 

^\cHCHaCH(NHa)CO .  NHCHjCO .  NHCHJCO .  NHCHjOOOH 

Leuoyldigljcylglycine. 

It  will  be  readily  understood,  from  the  examples  giyen  aboTe,  ttiat 
a  large  number  of  polypeptides  can  be  obtained  by  oombining  various 
amino  and  diamine  acids,  and  a  long  list  of  compounds  has  been 
prepared  in  this  way.  As  a  class,  they  show  a  close  resemblance  to 
the  natural  peptones ;  the  majority  are  soluble  in  water ;  with  the 
exception  of  some  of  the  di-  and  tri-peptides  they  give  the  hiurst 
reaction ;  they  are  precipitated  by  phosphotungstic  acid ;  ihey  have 
a  bitter  peptone-like  taste  and  are  readily  hydrolysed  by  acids^  and 
in  many  cases  by  trypsin,  forming  amino  acids.  The  dossal 
resemblance  to  the  natural  peptones  is  found  in  those  polypeptides 
which  have  a  long  chain  composed  of  different  amino  acid  radicals. 

The  CUuH^catioB  of  the  Froteiiui.  Many  different  schemes 
of  classification  have  been  proposed,  but  owing  to  our  ignoranoe  of 
the  constitution  of  the  proteins,  they  are  all  more  or  less  aitificiaL 
It  is  generally  believed  that  the  amino  acids,  which  constitute  the 
products  of  protein  hydrolysis,  are  linked  together  in  the  proteb 
molecule,  as  in  the  polypeptides,  by  the  union  of  the  amino  group 
of  one  molecule  j^^  the  carb^xyl  group  of  another.  In  the  case  of 
aliphatic  monamlVacids  the  type  of  grouping  may  be  represented 
as  follows : 

H  H 

I  I 

— HN— C— C— NH--C— C— 

I      II  I      H 

R   O  BO 
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Even  if  it  is  assumed  that  this  simple  type  of  amino  acid  condensa. 
tion  is  the  only  one  present  in  the  protein  molecule,  it  is  clear  that 
the  combination  of  the  difiFerent  types  of  amino  acids,  obtained  on 
hydrolysing  proteins  (p.  398),  must  give  rise  to  extremely  complex 
systems.  There  is,  however,  no  reason  to  suppose  that  other  types  of 
grouping  may  not  be  present.  E.  Fischer  suggests  the  possibility  of  the 
presence  of  piperazine  groups  in  the  protein  molecule,  ring  formations 
of  this  character  being  easily  accounted  for  by  the  elimination 
of  water  from  a  complex  of  two  amino  acid  molecules^  as  follows : 

I 

JOH—C(k 
HjN.CH.CO.NH.CH.COOH    ->    HN<  >NH 

I  I  \co— ch/ 

I 
It  is  also  possible  that  the  hydroxyl  groups  in  the  hydroxy-amino 

acids  are  not  present  in  the  original  protein  molecule,  but  are  derived 
from  anhydrides  formed  by  intramolecular  condensation. 

As  previously  stated,  the  extremely  limited  extent  of  our  know- 
ledge of  the  molecular  structure  of  the  proteins  renders  a  scientific 
system  of  classification  at  present  impossible.  Nevertheless  a  system 
may  be  devised  which  is  based,  not  on  the  properties  of  the  individual 
proteins,  but  on  their  products  of  hydrolysis.  For  example,  the 
protamines,  a  group  of  basic  proteins  obtained  from  fish  spermatozoa, 
commonly  yield  more  than  80  per  cent,  of  diamine  acids,  and  only 
small  quantities  of  monamino  acids,  wheraas  the  majority  of  more 
complex  proteins  yield  relatively  little  diamino  acids  and  a  large 
proportion  of  monamino  acids.  (An  idea  of  the  composition  of  the 
products  of  hydrolysis  of  some  types  of  proteins  may  be  obtained 
from  the  accompanying  table  (p.  414).)  Unfortunately  the  data 
concerning  the  nature  and  proportion  of  the  various  amino  acids, 
derived  from  different  proteins,  are  insufiicient  to  serve  as  the  sole 
basis  for  a  system  of  classification*  But  there  is  an  additional  fact 
upon  which  an  arrangement  may  be  based.  Many  complex  proteins 
on  gentle  hydrolysis  are  resolved  into  two  portions,  one  essentially 
protein  and  the  other  non-protein  in  character.  An  example  of  such 
a  substance  is  furnished  by  the  blood-pigment,  (^haemoglobin,  which 
is  readily  resolved  into  a  protein  substance,  ^l&in,  and  an  iron- 
containing  non-protein  substance,  nailied  haemcUin,  These  complex 
proteins  which  contain  a  non-protein  x)ortion  are  termed  proteides, 
whilst  the  groups  in  the  original  molecule  which  yield  the  non- 
protein substance  are  termed  prosthetic  groups.  '  It  is  therefore 
possible  to  sub-divide  some  of  the  proteins  into  different  classes 
according  to  the  nature  of  their  prosthetic  groups. 
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The  following  scheme  for  the  division  of  the  proteins  into  six  main 
classes  must  be  considered  as  a  convenient  rather  than  a  strictly 
scientific  arrangement. 

(1)  Protamines. 

(2)  Histones. 

(3)  Albumins  and  globulins. 

(4)  Proteides  (nucleoproteides,  chromoproteides,  glycoproteides). 

(5)  Phosphoproteins. 

(6)  Unclassified  proteins  ('  albuminoids  *). 

A  special  description  of  the  general  properties  of  each  of  these 
classes  of  substances  is  found  in  the  following  pages,  together  with 
a  few^  details  of  some  of  the  more  important  individual  substances. 

Tlie  Vrotaminss  and  Sistonas.  The  protamines^  comprise  a 
small  number  of  proteins  which  have  a  very  limited  distribution. 
They  are  far  simpler  in  constitution  than  such  proteins  as  egg- 
albumin,  and  their  properties  show  corresponding  differences.  They 
occur  in  combination  with  nucleic  acids  (p.  421)  in  the  form  of 
nucleoproteideSy  which  constitute  practically  the  whole  of  the  head 
or  nucleus  of  the  spermatozoa  of  certain  kinds  of  fish. 

These  substances  were  first  investigated  in  1874  by  Mieecher,  who 
obtained  an  impure  protamine  from  salmon  testides,  but,  although 
he  accurately  determined  the  chief  characteristics  of  the  base,  these 
early  observations  were  overlooked.  The  detailed  study  of  the  prot- 
amine group  is  almost  entirely  due  to  Eossel  and  his  pupils. 

The  protamines  are  found  only  in  the  spermatozoa  of  a  few  kinds 
of  fish,  among  which  the  salmon,  herring,  sturgeon,  mackerel,  and 
carp  are  the  most  important.  They  are  prepared  by  extracting  the 
ripe  spermatozoa  with  dilute  sulphuric  acid  and  precipitating  the 
filtered  solution  vdth  alcohol.  In  this  way  a  crude  protamine 
sulphate  is  obtained  as  a  white  flocculent  precipitate  which  is  only 
moderately  soluble  in  water.  On  concentrating  a  solution  of  the 
protamine  sulphate,  a  clear,  colourless  oil  settles  out,  which  contains 
most  of  the  sulphate.  This  oil  can  be  separated  and  the  protamine 
further  purified  by  conversion  into  the  picrate. 

The  protamines  are  strongly  basic  substances  which  absorb  carbon 
dioxide  from  the  air,  and  form  fairly  weU-defined,  sparingly  soluble 
salts  with  platinic  chloride,  cupric  hydrate,  and  silver  oxide.  Their 
aqueous  solutions  are  not  coagulated  by  boiling,  but  precipitates  are 

^  A  complete  aoootint  of  the  protamines  together  with  the  whole  of  the 
literature  will  be  found  in  a  '  Siunmel-Referat ',  Koseel,  in  the  BiocUmUchea 
CentralUatty  1006,  ▼,  pp.  1  and  88. 
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formed  by  the  usual  protein  precipitants,  such  as  phosphofcnngwjw; 
chromic  and  picric  acids,  and  potassium  ferrocyanide. 

The  proportion  of  nitrogen  (25-30  per  cent)  in  the  protaminei 
is  higher  than  in  any  other  cLiss  of  proteins,  but  they  contain  neitiicr 
phosphorus  nor  sulphur.  With  the  exception  of  cyclopienne  and 
cyprinine  the  protamines  do  not  react  with  Millon's  reagent^  and 
tyrosine  is  not  found  among  their  products  of  hydrolysis. 
Cyclopterine  gives  the  Adamkiewicz  reaction,  but  the  tryptoidmie 
complex  is  uniformly  absent  from  the  other  members  of  the  gzonp. 

With  one  exception  they  all  jrield  remarkably  large  amounts  of 
arginine  on  hydrolysis,  and  this  fact  no  doubt  accounts  for  their 
strongly  basic  properties.  The  following  table'  contains  the  main 
results  of  these  investigations. 

Hydrolytio  Products  ofUie  Protamines, 
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It  will  be  seen  that  among  the  products  of  the  hydrolysis  of 
salmine,  dupeine,  and  scombrine,  about  88-89  per  cent,  of  the  total 
nitrogen  is  found  as  arginine,  and  a  further  10  per  cent,  is  present 
in  the  form  of  monoamine  acids  (alanine,  serine^  aminovaleric  acid 
and  proline),  but  lysine  and  histidine  are  absent.'  Thus  the  produet& 
of  hydrolysis,  which  have  been  identified,  represent  almost  the  whok 
of  the  original  protamine.  This  is  a  matter  of  some  interest^  because 
in  the  case  of  the  more  complicated  proteins  it  has  so  far  been 
impossible  to  account  for  more  than  about  70  per  cent,  and  frequently 
very  much  less  of  the  original  material. 

Salmine,  which  has  been  more  completely  investigated  than  the 
other  protamines,  consists  approximately  of  10  mols.  arginine, 
2  mols.   serine,  1  mol.  a-aminovaleric  acid,  and  2  mols.   proline. 

^  The  numbers  express  the  percentage  of  nitrogen  present  as  amino  acids 
compared  with  the  total  nitrogen. 

*  The  details  of  these  methods,  which  depend  essentially  upon  the  raryin^ 
properties  of  the  silver  salts  of  histidine,  arginine,  and  lysine,  will  be  found  in 
papers  by  Kossel  and  his  pupils  in  the  ZeiL  phjfsioL  Ohem.  {fit  especially  KosstI 
and  Kutscher,  1900,  81,  165.) 
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These  reeults  are  in  agreement  with  a  formula  such  as  C^{ELi^T!(^Oi^ 
'With  a  minimal  molecular  weight  of  2045.  Although  in  the  present 
state  of  our  knowledge  this  formula  can  obviously  have  no  claim  to 
ezaetnessy  it  at  least  indicates  the  extreme  complexity  of  even  the 
simpler  proteins. 

By  the  regulated  action  of  acids  and  enzymes,  it  has  been  possible 
to  prepare  substances  intermediate  between  the  protamines  and 
anuno  acids.  These  substances  have  been  esM&dprotaneSf  and  the  name 
suggests  a  relationship  to  the  protamines  which  may  be  regarded  as 
aiTnilar  to  that  existing  between  proteins  and  peptones.  The  protones 
give  the  biuret  reaction  and  i^esemble  the  simple  polypeptides  in 
most  respects ;  up  to  the  present,  however,  little  progress  has  been 
made  in  the  effort  to  obtain  them  in  a  well-defined  form. 

Faintly  alkaUne  solutions  of  the  protamines  yield  precipitates 
with  coagulable  proteins  and  certain  proteoses  which  bear  the  closest 
resemblance  to  the  naturally  occurring  hisUmes,  The  latter  are 
substances  of  great  biological  significance,  and,  like  the  protamines, 
are  found  in  combination  with  nucleic  acids.  The  more  important 
histones  have  been  prepared  from  the  nucleated  red  blood-cells  of 
birds,^  from  certain  animal  glands,  especially  the  thymus,'  and  from 
the  spermatozoa  of  the  cod,  mackerel,  sea-urchin,'  and  certain  other 
fish.^  It  appears  that  the  unripe  testicles  of  all  fish  contain  histones, 
but  in  a  few  cases  the  process  of  ripening  is  accompanied  by  a 
conversion  into  protamine,  although  generally  the  histone  persists. 

The  histones  are  distinctly  basic  substances  with  a  high  percentage 
of  nitrogen  (17-20  per  ceni).  Their  properties  vary  considerably 
according  to  the  source  from  which  they  are  derived,  and,  as 
a  consequence,  the  group  as  a  whole  is  not  very  clearly  defined. 
The  histones  show  resemblances  to  the  protamines  on  the  one  hand, 
and  to  the  coagulable  proteins  and  proteoses  on  the  other.  In 
most  cases  their  solutions  are  not  coagulated  on  heating,  except 
in  the  presence  of  salts,  and  their  basic  character  is  inferred  from 
the  Act  that  most  of  them  are  precipitated  by  ammonia.  On 
hydrolysis,  the  histones  yield  a  larger  proportion  of  basic  products 
than  the  typical  coagulable  proteins,  and  this  is  clearly  in  harmony 
with  the  view  that  they  are  to  be  regarded  as  occupying  a  position 

*  Kosael,  Zeil,  pkyaioL  Chwn.,  1884,  8,  611. 

*  Lillienfeld,  Z&iL  physicL  Chem.^  1894,  18,  478;  Lawrow,  ZeiL  pf^y$ioU  Omu, 
1899,  28,  888. 

'  Matthews,  ZeitphifHoL  C%em.,  1897,  28,  899. 

*  There  axe  varioua  special  ways  of  obtaining  the  histones,  bat  one  common 
method  ia  to  extract  the  compound  of  histone  and  nucleic  acid  with  water. 
The  histone  is  liberated  from  the  nucleic  acid  by  means  of  hydrochloric  acid 
and  then  precipitated  by  ammonia. 
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intermediate  between  the  protamines  and  the  proteins  (xf  the 
aibomin  type.     Thus,  the  hiatone  prepared  from  the 
of  the  codfiah  (Qadua-histone)  yieLda,  on  hydiolyaifl^  26*8  per 
of  its  nitrogen  in  the  form  of  arginine,  althou^^   many  tjfki 
proteins  yield  less  than  10  per  cent. 

Olobin,  the  main  protein  oonstitnent  of  haemoglobin^  enhBii 
many  of  the  propertiea  of  the  histones  and  may  be  oonsidefed  m 
belonging  to  the  group.  It  will  be  rrfsned  to  later  under  haanr 
globin  (p.  424). 

The  Albnmina  and  Olohnlins.  Albumins  and  globulins  in 
coagulable  proteins  forming  the  more  important  constituents  of  Ai 
majority  of  animal  and  vegetable  tissues.  They  contain  anfphtt 
litUe  or  no  phosphorus,  and,  with  the  exception  of  a  carbohydnli 
groups  no  other  prosthetic  group.  They  may  be  regarded  as  At 
most  typical  proteins.  Although  a  large  number  of  albumins  and 
globulins  are  known,  it  will  be  impossible  to  do  more  than  indieii* 
their  general  properties  and  consider  one  or  two  selected  substanoei 
in  slight  detail. 

Albumins  are  specially  characterized  by  their  solubility  in  distSk^ 
water,  and  by  the  bet  that  they  are  salted  out  from  solution  mock 
less  readily  than  the  globulins  and  most  other  proteins.  Salts,  waA 
as  magnesium  sulphate  and  sodium  chloride,  fail  to  preeipitate  tiie 
albumins,  but  they  are  precipitated  by  complete  saturation  of  their 
solutions  with  ammonium  sulphate.  The  most  important  membea 
of  the  group  are  egg-albumin  and  serum-albumin,  both  of  wliiek 
have  been  obtained  in  the  form  of  well-defined  crystals  by  salttog 
out  an  acid  solution  with  anmionium  sulphate  under  certain  spedal 
conditions.^  It  is,  however,  doubtful  if  the  crystalline  compoumb 
so  obtained  are  identical  with  the  products  as  they  occur  in  natma 
More  probably  a  very  slight  amount  of  alteration  has  taken  pbee 
during  crystallization,  and  the  crystals  represent  a  salt  formed  bf 
the  combination  of  the  albumin  and  the  acid  used  in  the  procesk 
The  chemical  difference  is  apparently  so  slight  that  at  present 
it  has  little  practical  importance.  The  products  of  hydrolysis  of 
serum-  and  egg-albumin  include  the  majority  of  amino  acids,  and 
consequently  all  the  typical  protein  tests  are  given  by  these 
albumins.  Both,  on  hydrolysis,  yield  glucosamine  in  addition  to 
the  other  products,  and  from  egg-albumin,  it  is  said  that  as  much 
as  10*11  per  cent  is  obtainable.' 

^  HofiDeister,  ZnL  phytid.  Chem.,  1889, 14, 168 :  F.  G.  HopkiiUL  JoMm.  oflUmUn  \ 
1896,  as,  ISO. 
*  Langstein,  Zeit,  physioL  Chan.,  1900,  81,  49. 
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The  ^lobidiiiSi  which  are  much  more  numerous  than  the  albimiins^ 
re  a  -very  important  class  of  substances.  They  are  found  in  the 
Aoody  in  most  animal  tissues,  in  eggs^  and  traces  also  in  milk,  and 
Qdude  a  large  number  of  vegetable  proteins.  As  far  as  ultimate  com- 
KMsition  and  products  of  hydrolysis  are  concerned,  they  can  scarcely 
»  distinguished  from  the  albumins,  but  the  two  classes  exhibit 
rery  different  solubilities.  The  globulins  possess  the  remarkable 
yroperty  of  dissolving  in  water  containing  small  quantities  of 
norganic  salts,  but  they  are  precipitated  when  the  salt  concentration 
alia  below  a  certain  level  either  by  dilution  or  dialysis  ;^  they 
lie  inaoluble  in  pure  water  and  dilute  acids,  but  readily  dissolve  in 
ilkallne  solution,  from  which  they  may  be  precipitated  by  weak 
wAAb,  so  that  they  appear  to  be  feebly  acid  substances;  they  are 
much  more  readily  salted  out  from  solution  than  the  albumins,  and, 
unlike  the  latter,  they  are  precipitated  by  saturation  with  magnesium 
sulphate  or  by  half-saturation  of  the  solution  with  ammonium 
sulphate. 

Serum-globulin,  which  is  perhaps  the  most  carefully  investigated 
of  the  globulins,  is  prepared  by  adding  an  equal  volume  of 
Baturated  ammonium  sulphate  solution  to  blood-serum.  It  is  an 
unstable  substance^  readily  passing  over  into  insoluble  modifications 
which  do  not  dissolve  in  dilute  salt  solutions.  Serum-globulin  is 
probably  a  mixture  of  many  difiPerent  globulins. 

The  globulins  give  the  typical  protein  reactions,  and  their  products 
of  hydrolysis  include  all  the  common  amino  acids.  Most  of  the 
globulins  yield,  on  hydrolysis,  a  substance  of  a  carbohydrate  character, 
which,  in  the  case  of  egg-globulin,  has  been  identified  as  glucos- 
amine. 

Beference  must  be  made,  to  thyreoglobulin,  the  remarkable 
S^obulin  of  the  thyroid  gland.  This  substance,  which  was  dis- 
covered by  Baumann,  has  all  the  properties  of  serum-globulin,  but 
contains  a  considerable  though  varying  quantity  of  iodine.'  The 
iodine  appears  to  be  contained  in  a  prosthetic  group,  for  on 
hydrol3rBis  with  acids  or  enzymes  an  iodine-rich  substance  (14*2  per 
cent.)  named  iodofhyrin  is  liberated.  Both  the  globulin  and 
iodothyrin  have  remarkable  pharmacological  properties,  possessing 
great  curative  value  in  cases  of  myxoedema  and  cretinism. 

Some  of  the  muscle  proteins  and  a  protein  circulating  in  the 

'  A  diflcaflsion  of  this  and  other  properties  of  the  globulins  from  the  standpoijit 
^^  physical  chemistry  will  be  found  in  the  Royal  Society  Croonian  Lecture  for 
1906  by  W.  B.  Hardy,  and  Jcum,  </  Phu^ioLy  1905,  88,  p.  251 ;  also  J.  Hellanby, 
•^Ottm.  qfPhyticL,  1905,  88,  p.  888. 

'  Oswald,  Zeit  phytioL  Gfkm.,  1899,  27,  14 ;  1901,  82,  121. 
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blood,  named  fibrinogen^  show  close  analogies  to  the  globnlina 
They  have  the  common  property  of  clotting  at  low  temperataraB 
and  forming  two  insoluble  proteins^  myosin  and  fibrin.  The  muscle 
proteins  have  been  inyestigated  by  Halliburton  and  von  FOrth,^ 
whilst  fibrin,  on  account  of  its  connection  with  the  phenomenon 
of  blood-clotting,  has  attracted  the  attention  of  a  large  number  of 
chemists. 

Many  yegetable  albumins  and  globulins  have  been  cazeliiUy 
studied,  and  our  knowledge  of  these  substances  is  in  some  cases 
more  complete  than  of  the  animal  proteins.  The  early  iuTesiiga- 
tions  were  made  chiefly  by  Ritthausen,'  and  have  been  continaed 
by  Osborne'  and  others.  Some  of  them  occur,  or  have  been 
obtained,  in  the  crystalline  form,  and  ofiEer  promising  material  for 
further  investigation.  Perhaps  the  most  important  member  of 
this  group  is  edesUn,  which  has  been  prepared  from  the  seeds 
of  hemp,  flax,  linseed,  cotton,  and  from  other  sources.  The  sub- 
stances obtained  from  these  various  materials  are  all  very  similar 
and  closely  resemble  the  animal  globulins.  Some  curious  vegetable 
proteins,  which  are  soluble  in  dilute  alcohol,  are  found  in  maize, 
corn,  and  other  seeds,  that  from  maize  being  known  as  gei$u  Many 
other  vegetable  proteins  have  been  carefully  examined,  details  of 
which  will  be  found  in  special  text-books. 

The  Froteides.  The  proteides  are  more  complex  substances 
than  any  of  the  proteins  which  have  so  far  been  considered.  They 
are  resolved  by  the  action  of  acids  or  enzymes  into  two  parts; 
one  of  these  constituents  is  either  a  protamine,  a  histone,  or  a  still 
more  complex  protein ;  the  other  may  have  a  widely  varying  nature 
and  is  known  as  the  prosthetic  group. 

The  proteides  may  be  divided,  according  to  the  character  of  these 
groups,  into  three  main  classes — nudeoproteides^  chromoproteides 
and  glucoproteidea 

Nucleic  acids  represent  the  prosthetic  group  in  the  first  class  of 
substances ;  they  are  characterized  by  the  presence  of  a  large  amoant 
of  phosphorus  and  yield,  on  hydrolysis,  many  interesting  products. 
The  prosthetic  group  in  the  chromoproteides  is  represented  by 
coloured  substances,  while  the  glucoproteides  contain  carbohydrate 
groups. 

^  Halliburton,  Jwm,  of  PhysioLf  8,  p.  138 ;  von  FtLrih,  Arch,  easier.  FaHL  tc. 
Pharm.,  1895,  86,  281. 

*  H.  Ritthaosen,  Die  EixoUaaMrptr  der  QetreidrMclen,  SiUie^frUchte  %md  OeiaameHj 
Bonn,  1872. 

'  T.  B.  Osborne.  Many  papers  in  Am$r.  Chem,  Joum.,  Jown.  Amur.  Chmu  Soc, 
and  Anwr.  Joum.  qfPhytioL,  from  1892. 
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The  Nfideoproteides.  The  simplest  nudeoproteides  are^  found  in 
the  spermatozoa  of  fish  and  have  been  carefully  investigated  by 
Miescher,  Schmiedeberg,  and  especially  by  Koesel.^  They  may  be 
re^^arded  as  salts  formed  by  the  union  of  a  basic  protein,  which 
is  either  a  protamine  (p.  415)  or  histone  (p.  417),  with  nucleic  acids. 
This  compound  of  protein  and  nucleic  acid  may  represent  as  much 
as  96  per  cent,  of  the  dry  matter  in  the  head,  or  nuclear  portion,  of 
the  spermatozoa.  Nudeoproteides  of  a  somewhat  different  type 
have  been  prepared  from  a  very  large  number  of  animal  tissues, 
and,  of  these,  the  preparations  derived  from  the  thymus  and  pancreas 
have  been  most  carefully  studied.  The  proteins  in  these  nudeo* 
proteides  are  usually  much  less  basic  than  those  obtained  from 
spermatozoa.  The  practical  details  of  the  preparation  of  nudeopro- 
teides from  animal  tissues  leave  it  doubtful  whether  they  are  single 
individuals,  and,  as  a  consequence,  the  principal  interest  is  transferred 
to  the  nature  of  their  prosthetic  groups. 

TV^hen  a  nucleoproteide  is  carefully  hydrolysed  by  pepsin,  it  is 
found  that  a  portion  of  the  protein  is  rapidly  removed,  leaving  an 
msoluble  substance,  known  as  nuclein,  which,  however,  still  contains 
a  certain  amount  of  protein.  On  further  hydrolysis,  either  with 
dilute  acids  or  with  trypsin,  the  remaining  protein  is  removed,  and 
nucleic  add  and  protein  decomposition  products  remain  in  solution. 

The  nudeio  acids  are  strongly  add  substances  which  contain  a 
high  percentage  of  phosphorus.  On  hydrolysis  with  acids  at  high 
temperatures  they  yidd  a  variety  of  interesting  products,  which 
include  phosphoric  acid,  pyrimidine  and  purine  bases  and  carbo« 
hydrates.  The  successive  stages  in  the  hydrolysis  of  a  nudeo- 
protdde  may  be  represented  as  follows: — 

Nucleoproteide 
(Ptpnn  hydrolysiM) 

/  \ 

Kudein  Protein  deoompoaition 

(Trypain  hydrdifsia)  products 

/  \ 

Nucleic  add  Protein  deoompoeition  products 

(Add  hydro^ftis) 

I 

Phosphoric  acid 
Pyrimidine  bases 
Purine  bases 
Pentoses 

^  Hieecher,  Arehiv  exper.  Pioflk.,  1896,  87,  100;  Schmiedebei^,  Arehiv  txptr. 
Path,,  1900, 48,  67 ;  Eossel,  many  papers  in  ZeiL  phytioL  Clum,^  and  B9r»  from  1898. 
A  monograph  by  Burian  on  the  chemistry  of  Spermatozoa  in  Ascher  and  Spiros' 
Ergtibni8»$  dst  PhysidogUj  toL  iii,  p.  48, 1904,  should  be  oonsultecL 
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Among  the  pyrimidine  bases,  uracil,  thymine,  and  cyiosme  hsw 
been  identified  (p.  878). 

The  purine  bases  include  adenine^  guanine,  hypoxanthine^  and 
xanthine.  The  nature  of  the  carbohydrate  group  is  in  many  cases 
not  definitely  known,  but  usually  substances  are  present  which  yield 
the  reactions  of  a  pentose,  and,  in  the  products  fiiom  pancresi 
nuoleoproteide,  ^zyloee  has  been  definitely  identified.^ 

In  addition  to  these  substances,  Kossel  and  Neumann  *  h«v«  found 
that  certain  nucleic  acids  yield  levulinic  acid  on  hydrolysifl,  whidi 
is  usually  assumed  to  be  a  secondary  product  derived  from  the 
decomposition  of  a  hezose^  present  in  the  nucleic  acid  molecule.  It 
has  also  been  stated  that  glycerol  is  present  among  the  products  of 
hydrolysis  of  the  nucleic  acid  from  the  pancreas.' 

Comparatiyely  little  is  known  of  the  relative  quantities  of  the 
various  hydrolytic  products,  but  the  following  analysis  of  goanylie 
acid,  the  nucleic  add  of  the  pancreas,  and  tritico-nuoleic  add*  from 
wheat«meal,  may  be  taken  as  typical : 

'  4  mols.  phosphoric  add 
4  mola.  guanine 
8  mola.  <-xyloae 
8  mola.  glycerol 

4  mola.  phosphorio  acid 
8  mola.  pentose 
1  mol.  of  tritioo-nudeic  aeid  yielda  \  2  mola.  nraoU 

1  md.  adenine 
1  moL  guanine 

Small  quantities  of  other  products,  which  have  not  yet  been  identi* 
fied,  are  formed  at  the  same  time. 

Extremely  little  is  known  of  the  way  in  which  these  products  of 
hydrolysis  are  grouped  together  in  the  nuddo  add  molecule,  and^ 
although  certain  structural  formulae  have  been  suggested,  they  have 
but  little  value.  It  is  not  even  certain  in  what  form  the  phosphorai 
is  present,  although  its  occurrence  in  the  form  of  a  simple  phosphate 
of  a  pyrimidine  or  purine  base  is  improbable.  Burian  ^  has  reoentiy 
shown  that  purine  derivatives,  in  which  the  iminasole  ring  ii 
intact  and  in  which  the  hydrogen  attached  to  the  nitrogen  atom 
in  podtion  7  is  unsubstituted,  yidd  coloured  products  on  treatment 
with  aromatic  diazo  compounds  in  alkaline  solution.  Guanine,  for 
example,  reacts  with  diazobenzene  sulphonic  acid  in  the  following 
manner : 

1  Kenbex^,  Ber.,  1902,  86, 1467. 

*  Z^U.  physiol.  Chem,  1894,  97,  2215. 
>  Oeborne  and  Harria,  ZeiL  phyBioL  GSA«m.,  190%  86,  85. 
«  Bang,  ZeiL  pkythL  Chem.,  1900,  81,  411. 

*  Ber.f  1904,  87,  696,  708. 


THE  PBOTEIDES  428 

HN— CO  HI*— CO 

H^C    C— NH  -*.     HjNO     C— N-NiNCeH^CSOaH) 

II      II     >0H  II      II     >CH 

N— C— N  N— 0— N 

le  nudeio  adds  themaelycs  do  not  give  this  reactian^  although 
i€ir  products  of  hydrolysis  readily  do  so.    Burian,  therefore,  ooa* 

eludes  that  the  purine  bases  are  united  to  the  rest  of  the  nucleic  add 
loleeule  by  the  nitrogen  atom  in  podtion  7.  The  fact  that  the 
lodeic  acids  are  readily  hydrolysed  by  adds,  but  are  very  resistant 

|to  alkdisy  suggests  the  posdbility  that  the  nitrogen  atom  is  directly 

Bttaehed  to  phosphorus,  since  the  organic  phosphorus  bases,  such  as 

anilino-phenylphosphoiic  add^ 


c,h,nh/  noh 

which  poBsess  this  structure^  ehow  a  similar  behaviour.  It  is,  there* 
fore,  not  improbable  that  the  following  complex  is  present  in  the 
nadeic  acid  molecule : 

N=C 

II      II       >CH 

N— C— N 

The  mode  in  which  the  pyrimidine  and  carbohydrate  groups  are 
combined  in  the  nucleic  acid  molecule  is  unknown. 

Chromoproteides.  Very  few  coloured  protein  substances  are  known, 
and  of  these^  haemoglobin,  the  red  colouring  matter  present  in  the 
blood  of  vertebrates,  is  the  only  one  which  is  widely  distributed. 
Haemoeyanine  is  the  main  constituent  of  the  blood  of  the  octopus 
and  similar  animals,  and  resembles  haemoglobin  closdy  in  many 
req)eet8..  It  is  an  interesting  fact  that  both  these  protddes  contain 
metals  in  their  prosthetic  groups.  Haemoglobin  contains  047  per 
cent,  of  iron,  whilst  haemocyanin  contains  0*88  per  cent,  of  copper. 
A  few  other  coloured  proteins  from  lower  types  of  organisms  have 
been  described,  but  they  have  not  been  fully  investigated  and  will 
not  be  referred  to  here.^  The  chromogenic  group  in  all  coloured 
proteins  is  probably  contained  in  the  prosthetic  group,  and  not  in 
the  protein  part  of  the  molecule. 

^  See  Vergleichende  chefniache  Physiolc-gie  der  niiderin  Tierej  by  Tcn  FQrth :  Gustav 
Fiseher,  Jena,  1908. 
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Wtemo^Ubm.  Haamo^olHn  contiifilH  of  >  coloqgieBSjgofedu:^  iiMned 
^IoNm^  nniled  to  a  eoloured  pnMtfaeftie  group.  FnIu^ib  the  mat 
nmuAaU>le  proporty  tlud  haemoglobin  posaeaBes  is  its  abQity  le 
enter  into  eomhlnafion  with  eerbon  gana,  among  wliich  ojiyguiL. 
carbonic  oxide,  and  nitric  oxide  ue  the  moat  important.  The 
product  of  the  combinaticMi  of  haemogjobin  and  oxygen  is  known  m 
oxifhaemofiMn,  It  iras  long  ago  obtained  in  the  form  of  mD* 
defined  crystala,  and  has  been  the  subject  of  nnmeroiis  inTestqia- 
tiona.  Many  methods  ha^e  been  devised  for  its  preparation,  ao  that 
it  can  be  obtained  more  readily  and  in  a  porer  state  than  is  poasilib 
with  moat  of  the  other  protons.' 

Both  oxyhaemo^obin  and  haemog|olHn  crystalliae  in  many 
different  forms,  almost  all  of  which  belong  to  the  rhombic  system, 
and  are  obtained  from  the  blood  of  various  animals,  but»  on  repeated 
crystallization,  the  forms  interchange^  so  that  it  is  not  certain  Uiat 
the  different  crystals  represent  differently  constituted  sabetaneea 
Solutions  of  haemo^obin  and  its  derivatives  have  been  examined 
speetroscopically  by  a  large  number  of  investigators,  and  show  wril- 
defined  absorption  bands,  details  of  which  will  be  found  in  text-books 
on  Physiological  Chemistry. 

The  fact  that  haemoglobin  solutions  exert  a  distinct  osmotie 
pressure  has  already  been  mentioned,  and  the  question  of  its 
molecular  weight,  deduced  both  from  osmotic  pressure  detenninationfl, 
and  from  the  proportion  of  iron  in  the  molecul%  has  also  been 
discussed  (p.  398). 

A  great  many  elementary  analyses  of  haemoglobin  have  been 
made,  and  the  following  numbers  are  selected  from  closely  agreeing 
analyses  of  horse  haemoglobin  by  Hoppe-Seyler,  and  by  Nendd: 

0-548;  H-7.0;  N=  17-2;  S  «  0-65  ;  Fe  =  0-47. 

On  gentle  oxidation  with  potassium  ferricyanide,  haemoglobin  is 
converted  into  an  interesting  substance  known  as  methaemo^/obm. 
It  has  been  obtained  in  crystals,  and  is  isomeric  with  oxyhaemoglobin, 
but,  unlike  the  latter  substance,  the  oxygen  cannot  be  removed  by  a 
stream  of  a  natural  gas.  It  is  found  in  the  urine  in  disease,  and  may 
be  identified  speetroscopically.  On  reduction,  it  is  reconverted  into 
haemoglobin. 

The  BexiUition  of  Oxyhaemoglobin  into  Olobin  and  J9aama^tn.  The 
protein,  globin,  is  very  loosely  combined  with  its  prosthetic  groups 
haematin,  and  the  resolution  of  oxyhaemoglobin  is  brought  about  by 
very  weak  acids.     This  decomposition  was  observed  as  long  ago  as 

j  ^  F.  N.  Sohulz,  Zeit.  physioL  Chm.^  1898,  24,  449. 
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1864  by  Stokes  and  by  Hoppe-Seyler.  More  recent  experiments 
liave  shown  that  ozyhaemoglobin  may  be  decomposed  by  the  action 
of  acids,  in  the  presence  of  alcohol  and  ether,  in  such  a  way  that  the 
<soloiiring  matter  is  dissolved  by  the  ether,  while  the  protein  remains 
in  the  aqueous  portion.  The  haematin  is  present  in  very  much 
smaller  quantity  than  the  globin,  as  may  be  seen  from  the  following 
approximate  numbers^ :  globin  »  94*1  % ;  haematin  =  4-5  %.  It  is 
found  that  small  quantities  of  ammonia  and  fatty  acids  of  the  acetic 
series  are  formed  at  the  same  time.  The  nature  of  the  union 
between  globin  and  haematin  is  quite  unknown ;  but  it  is  almost 
certain  that  it  is  not  that  of  a  simple  salt. 

Olobin  is  a  curious  protein  which  has  been  shown  by  Schulz*  to 
doeely  resemble  the  histones  (p.  417).  It  is  soluble  in  acids,  but  is 
precipitated  by  ammonia.  It  contains  a  high  percentage  of  nitrogen 
(16-9  %),  and,  on  hydrolysis,  yields  a  large  proportion  of  bases 
(histidine  «  11  %,  arginine  —  5-4  %,  lysine  =  4«8  %).  The  amount  of 
bistidine  is  larger  than  that  found  in  the  products  of  hydrolysis  of 
any  of  the  common  proteins.  The  other  products  of  hydrolysis  of 
globin '  are  given  in  the  table  on  page  414. 

Haematin  and  its  Derivatives.  A  large  amount  of  work  has  been 
done  with  the  object  of  determining  the  nature  of  haematin; 
but  its  exact  constitution  is  still  obscure.  Although  the  preparation 
of  haematin  in  the  pure  state  presents  considerable  difiSculties^ 
a  crystalline  substance,  haernvn^  closely  allied  to  it,  is  easily 
obtained.  If  a  drop  of  blood  is  warmed  on  a  microscope  slide 
with  glacial  acetic  acid  and  a  trace  of  common  salt,  it  is  found,  on 
cooh'ng,  that  a  quantity  of  small  dark-brown  plates  and  prisms 
separate  out.^  These  crystals  are  composed  of  haemin,  and  are 
produced  by  the  action  of  hydrochloric  acid  upon  haematin,  previously 
liberated  from  the  haemoglobin  by  the  acetic  acid.  A  process  for 
the  preparation  of  large  quantities  has  been  devised  by  Schalf^jew' 
which  does  not  differ  in  principle  from  the  micro-chemical  method. 
The  products  obtained  by  other  methods  have  given  slightly  varying 
results  upon  analysis,  but  EOster,  by  the  use  of  a  somewhat  com- 
plicated method  of  purification,  has  been  able  to  show  that,  in  all 
probability,  only  one  haemin  exists,  and  that  the  substance  has  the 
formula  C84H4404N4ClPe. 

1  Lawrow,  ZeiL  physidL  Chem.,  1898,  26,  848. 
<  ZeiU  Physiol.  Chmu,  1898,  24,  449. 
>  Abderhalden,  ZeiL  phtfsioL  Chem,,  1908,  87,  484. 

*  The  formation  of  liaemin  crystals  constituies  the  best  chemical  teat  for  the 
detection  of  blood  and  is  used  in  conjunction  with  the  spectroscopic  method. 
^  Chem.  GstUroZN.,  1885, 18,  282. 
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The  relAtion  between  haemin  and  haftmntiii  is  indicated  to  some 
extent  by  the  following  obeervatione.  Haematin  is  obtained  fraoi 
haemin  by  the  aetion  of  cauatio  soda,  and,  according  to  Kflata^ 
has  the  fonnula  C^fij^N^FeO^.  On  the  other  hand,  HiM>nrnt«tt  is 
converted  into  haemin  by  the  action  of  hydrochloric  acid  ;  conse- 
quently, haemin  is  frequently  spoken  of  as  haematin  hydrochloiida 
This,  however,  is  incorrect,  as  apparently  a  hydroxyl  group  is 
replaced  by  chlorine.  Moreover,  if  haemin  is  heated  with  aniljiw^ 
hydrochloric  acid  is  removed,  a  product  named  dekjfdarchaemaim 
being  formed  which  is  not  identical  with  haematin. 

Haematin  and  haemin,  as  previously  mentioned,^  contain  m 
considerable  quantity  of  iron,  but  this  is  readOy  removed  by  the 
action  of  strong  acids,  leaving  an  iron-free  pigment  named  haetmdbh 
parphifrkk    The  reaction  may  be  represented  as  follows : 

C8iH8304N4Pea  +  2HBr  +  2H,0  -  C^U^Oq'S^  +  FeBr, + HCS 

Haemin.  Haomatoporphyrin. 

Haematopoxphyrin,  on  partial  reduction  with  hydriodic  acid,  yields 

9W9v^^/f/VW t/wwffw  Www  • 

Cj^HjMjOeN^  -I-  2Hg  -  C34H88O4N4  +  HjO 

Haenutopoxphyrin.        Mesoporphyrin. 

On  further  reduction  with  hydriodic  add,  the  mesoporphyrin  is 
converted  into  a  volatile  compound,  haemqpf^rrolef^  to  which 
reference  is  made  below.  These  substances  are  of  the  greatest 
interest,  not  only  in  connection  with  the  structure  of  haematin,  but 
also  with  that  of  bile  and  urinary  pigments  and  of  chlorophylL 
Haematoporphyrin  is  found  occasionally  in  the  urine  (eapedaUy  after 
sulphonal  poisoning,  which  produces  considerable  blood  destruction) 
and  is  no  doubt  derived  from  haematin,  set  free  from  haemoglobm. 
Mesoporphyrin  is  probably  identical  with  a  substance  described 
under  the  name  of  haematoidinj  which  was  discovered  by  Virchow 
in  1847  in  blood  extravasations,  and  also  with  iUirulbm^  which  is  one 
of  the  best  known  bile-pigments. 

An  interesting  proof  of  the  chemical  relationship  existing  between 
chlorophyll  and  animal  pigments  has  been  furnished  by  Nencki  and 
Marchlewski  who  showed  that  a  substance,  phyUoc^awin^  which,  on 
reduction  with  hydriodic  acid,  gave  haemopyrrole,  could  be  obtained 
by  the  action  of  acids  upon  chlorophyll.    Moreover,  in  both  chemical 

*  These  and  other  allied  inTestigationa  by  Nenoki  and  his  pupila  are  published 
in  many  different  journals,  but  M  will  be  found  in  Nenoki's  Collected  Works 
(OeMmmalte  ArbeiUn  von  M.  Nencki,  2  toIb.,  Vieweg  &  Sohn,  Braunschweig^  1905). 
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properties  and  absorption  spectra  a  close  similarity  exists  between 
many  of  the  degradation  products  of  chlorophyll,  obtained  by 
Schunck  and  Marchlewski,  and  the  decomposition  products  of 
haexnatin.  Haemopyrrole  readily  undergoes  oxidation  in  the  air 
\¥ith  the  production  of  urobilin,  the  main  pigment  of  the  urine, 
iT^hioh  may  also  be  produced  under  certain  conditions  by  the  direct 
reduction  of  haematin  or  haematopoiphyrin. 

The  constitution  of  haemopyrrole  cannot  be  regarded  as  definitely 
settled,  and  indeed  Easter  has  quite  recently  brought  forward 
evidence  which  leads  him  to  the  belief  that  it  is  not  a  pure  sub- 
Btance.  As4he  oxidation  of  haematin  gives  rise  to  substances  which 
throw  considerable  light  upon  the  probable  structure  of  haemo- 
pyrrole, it  will  be  convenient  to  discuss  the  nature  of  these  oxidation 
products. 

Oxidation  qf  Haematin.  The  investigation  of  the  oxidation  pro- 
ducts of  haematin  has  been  carried  out  by  W.  Ktkster  and  his  pupils.* 
By  acting  upon  haematin  dissolved  in  acetic  acid  with  sodium 
bichromate,  two  acids  were  obtained  with  the  formulae  CgH^NO^ 
and  CsHgO^.  Both  of  these  substances  were  termed  haematinic  ctcidSf 
and  eventually  proved  to  be  the  anhydride  and  imide  respectively 
of  carboxyethylmethylmaleic  acid. 

CH..  C. CO,H  OHs.  C— CO 

II  II     >NH 

HOjC .OH,. OHj.O.  COjjH     HO^O.  OH,. OH,.  0-00 

Carbozyethylmethylmaleio  acid.  Haematinio  acid  (I). 

OH. .  0—00 

II     >o 

HOjO.OHa.OHg.O— 00 

Haematinic  acid  (II). 

The  structiure  of  the  haematinic  acids  follows  from  the  fact  that  the 
imide,  O^HgOaN,  obtained  by  heating  haematinic  acid  (II)  with 
wunonia  at  high  temperatures,  is  identical  with  the  synthetically 
prepared  imide  of  methylethylmaleic  acid,  and  the  same  product  is 
also  obtained  by  the  diy  distillation  of  haematinic  acid  (I).  Both  the 
haematinic  acids  have  been  converted  into  methylethylmaleic  anhy- 
dride which  has  been  repeatedly  synthesized.  The  changes  may  be 
represented  as  foUows : 

^  AnnaUtif  1906,  846,  1,  and  earlier  papers. 
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CHj— C— CO       

II     >NH  E5St 
HO,C .  CHaCHjC— CO       \     CH3— C— CO 

Nnh 


CH3— C-€0       yr   cHg— C-^ 

II      >0       NH,     '    ' 


HOaC .  CHjCHjO— CO 

Methylethylmalaie 
anhydride. 

Nencki  and  Zalealri  considered  that  the  haematinic  acids  of  KOafar 
were  derived  from  the  same  complex  in  the  haamatin  molecule  as  that 
which  3^elded  haemopyrrole  on  reduction.  From  analysee  of  the 
picrate,  and  other  salts  of  haemopyrrole,  they  assigned  the  foisnuk 
CgH^jN  to  the  latter  substance,  and,  mainly  from  a  consideration  of 
the  structure  of  the  haematinic  acids,  they  concluded  that  their 
substance  was  probably  ;9^-methylpropylp3rrrole.  The  relatioiish^ 
between  the  substances  is  evident  from  the  following  formula: 

rjn         nvr  HjC .  C  -  C .  CBLOHoCOOH 

*    li — [1  ^^  I        I 

II     11  OC      CO 

NH  NH 

^/S'-Methylpropylpyrrole.  •  Haamatinio  add. 

Various  attempts  have  been  made  to  synthesize  ^SjS'-methylpropyl- 
pyrrole  in  order  to  settle  the  constitution  of  haemopyrrole,  but  so  hi 
with  doubtful  results.  Buracsewski  and  Harchlewski^  distilled  the 
imide  of  methylpropylmaleic  acid  with  sine  dust  and  obtained 
a  minute  quantity  of  a  substance  which  closely  resembled  haemo> 
pyrrole,  and  which,  on  oxidation,  gave  urobilin,  but  the  identity  of 
the  substance  with  haemopyrrole  could  not  be  established. 

More  recently,  Ktlster  has  given  reasons  for  believing  that 
haemopyrrole  is  not  a  single  substance.  The  formula  C«HuK, 
established  by  Nencki  and  Zaleski,  would  harmonize  not  only  with 
/3)3^-methylpropylpyrrole,  but  also  with  diethylpyrrole^  and  with  heza- 
hydroisoindole.  The  reduction  of  haematin  is  certainly  a  more 
complicated  reaction  than  was  previously  believed,  and  Koster  con- 
siders it  possible  that  all  the  above  substances  may  be  formed 
Under  these  circumstances  it  is  impossible  at  present  to  profitably 
discuss  the  structure  of  haematin  or  haenun. 

The  Olucqproteides.  It  has  long  been  known  that  certain  pioteioa 
yidld,  on  hydrolysis,  substances  giving  the  reactions  of  carbohydratee^ 
but  the  nature  of  these  substances,  which  constitute  the  prosthetie 
groups  of  the  glucoproteides,  was  obscure.    The  study  of  the  earbo- 

*  Zeit  phyaioL  Chem.y  1906,  43,  410. 
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liydrate  groups  of  the  proteins  is  of  great  physiological  interest,  and 

their  inyeBtigation  was  stimulated  by  Pavy's  discovery  that  certain 

typical  proteins^  such  as  egg-albumin,  yield,  on  hydrolysis,  reducing 

'  sugars.     More  recently  it  has  been  asserted  that  carbohydrate  groups 

occur  in  a  variety  of  proteins,  but  great  caution  is  necessary  in 

accepting  this  statement,  for  it  is  common  to  find  that  as  the 

purification  of  the  protein  becomes  more  thorough,  the  proportion  of 

carbohydrate  obtained  on  hydrolysis  rapidly  diminishes.     In  many 

cases,   however,  the  presence  of   a  carbohydrate  group  has  been 

demonstrated,  and  its  nature  satisfEtctorily  determined. 

The  more  important  of  the  glucoproteides  are  known  as  mucins  and 
fmteaids.    The  mucins  are  viscid,  tenacious  substances  which  are  pro- 
duced and  secreted  by  the  epithelial  cells  of  animals ;  they  also  form 
the  chief  constituent  of  the  intercellular  material  of  connective  tissue. 
They  are  readily  soluble  in  dilute  alkalis,  but  are  reprecipitated  by 
acetic  acid.    The  mucoids  resemble  the  mucins  in  most  respects,  but 
they  are  not  precipitated  from  their  alkaline  solutions  by  excess  of 
acetic  acid.    F.  Muller  succeeded  in  isolating  from  mucine  a  substance, 
which  gave  the  carbohydrate  reactions  and  identified  it  as  gluoos- 
aminef  while  subsequent  investigators  have  shown  that  it  is  somewhat 
widely  distributed,  and  may  constitute  a  large  part  of  the  glucopro- 
teide  molecule.     Hucine  of  the  trachea  and  mucoids  from  white  of 
egg  and  ovarial  cysts  yield  from  30  to  40  per  cent,  of  glucosamine. 

Glucosamine  has  long  been  known  as  a  constituent  of  chUin, 
a  substance  which  forms  the  exo-skeleton  of  many  invertebrates,  and 
its  structure  has  recently  been  determined  by  Fischer  and  Leuchs  \ 
who  were  able  to  synthesize  it  from  arabinose.  Arabinose,  on  treat- 
ment with  ammonia  and  hydrocyanic  acid,  yields  the  nitrile  of 
glucosaminic  acid,  and  the  lactone  of  this  acid,  on  reduction  with 
sodiimi-amalgam,  gives  glucosamine.  The  relative  space  arrange- 
ment of  the  amino  group  is  still  undetermined. 


CHjOH 

HO-C— H 

I 
HO-C— H 

I 
H— C— OH 

CHO 


ArabiooBo, 


CHjOH 

<Lh 

I 
HO-C— H 

H— 0— OH 

Ah(NH2) 

CN 

NitrUe  of 
glueoeaminio  acid. 


CHjjOH 

HO— C— H 

I 
HO— C— H 

H-J^OH 
CHCNHJ 

COaH 
Glaoosaminlo  acid. 


CHgOH 

HO— C— H 

I 
HO— C— H 

H— C— OH 

CH(NHj^ 
CHO 

d-Olucosamine. 


>  Ber.f  1908,  86,  24. 
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Glucosamine  may  be  regarded  as  intermediate  between  the  caA^ 
hydrates  and  the  amino  acids,  and  is  probably  a  seoondaiy  proMt 
derived  from  the  hydrolysis  of  a  more  complicated  carbohydn^ 
group  in  the  glucoproteide  molecule.  Thus  Leathes  ^  was  abb  tt 
isolate  from  ovarial  mucoid  a  substance  which  resembles  a  *iinvwl» 
rose,  and  which,  on  hydrolysis,  yields  glucosamine  and  a  heoEoaa. 

It  has  been  asserted  that  many  other  prosthetic  groape  ent 
in  glucoproteidesy  but  further  investigation  is  greatly  needed 
Schmiedeberg  prepared  from  cartilage  mudne  a  complicated  sab- 
stance  containing  sulphur  which  could  be  converted  by  hydrolytf 
successively  into  a  substance  named  chondrosiny  and  into  gluoosamin 
and  glycuronio  add ;  but  the  recent  work  of  Neuberg^  and  Qk^^ 
who  failed  to  isolate  glucosamine  has  thrown  considerable  doubt  <a 
the  nature  of  these  substances.  On  the  other  hand  they  obtained 
a  hitherto  unknown  hydrozyamino  acid  C5H7(OH)4NH2 .  OO^H, 
which  appears  to  form  a  connecting  link  between  the  amino  add^ 
glucosamine  and  the  hexoses. 

Thosphopvoteias.  The  phosphoproteins,  as  the  name  indicatsa^ 
are  proteins  which  contain  a  considerable  proportion  of  phoephona 
(0«6-l*6  per  cent.).  In  this  respect  they  resemble  the  nndeoprotddfli 
with  which  they  were  formerly  classified,  but  they  are  shaiplj 
differentiated  from  them  by  the  fitct  that^  on  hydrolysis^  they  yield 
neither  purine  bases,  pyrimidine  bases,  nor  pentoses.  The  most 
important  members  of  this  group,  all  of  which  are  dosely  related, 
are  casein^  the  chief  protein  constituent  of  milk,  vUeBmf  found  is 
the  yolk  of  eggs,  and  idhidm^  found  in  the  eggs  of  fishes. 

The  phosphoproteins  are  distinctly  add  substances,  insoluble  ia 
water,  but  readily  soluble  in  alkalis,  forming  definite  salts.'  Solutumt 
of  these  salts  do  not  coagulate  on  heating,  but  the  protein  is  raadilf 
precipitated  by  acids.  When  casdn  is  digested  with  trypsin,  or  with 
1  per  cent,  caustic  soda,  almost  the  whole  of  the  phosphonis  k 
removed,  in  the  latter  case  as  an  inorganic  phosphate;  but  with 
trypsin,  about  two-thirds  remains  in  '  organic  *  combination.' 

The  phosphoproteins  yield  all  the  ordinary  protein  reactions^  and 
may  be  readily  salted  out  from  solutions  by  means  of  ammoniom 
sulphate.  The  products  of  hydrolysis  of  casein  have  been  very  car^ 
fully  studied,  and,  with  the  exception  of  glycoooll,  almost  all  the  usinl 

^  ArcMv  exptr.  Pott.,  1899,  48,  245. 

*  The  sodium  salt  of  casein  is  found  in  commerce  under  the  names  'plasmoa* 
and  '  nutrose '. 
s  Bayliss  and  Plimmer,  J<Aum.  qfPhyrioU^  1906,  38,  489. 
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amino  acids  have  been  isolated.  Tyrosine  and  tiyptophane  are 
present  in  large  proportion,  and,  in  addition,  Fischer  and  Abder- 
halden^  haye  isolated  an  add  named  diaminotrioxydodecylic  acid, 

VnelaMified  Fvotein  Bnbstancaa.   A  large  number  of  substances 
closely  allied  to  the  typical  proteins  are  known,  but  cannot  be 
classified  under  any  of  the  above  groups.     It  has  hitherto  been 
customary  to  name  ihem  '  albuminoid '  substances,  the  term  indi- 
cating their  resemblance  to  the  typical  proteins.     Their  exclusion 
from  the  main  group  was   due  either  to  their  physical  proper- 
ties or  to  their  failure  to  respond  to  such  tests  as  the  Millon  or 
Adamkiewics  reactions.    A  further  study  of  both  the  true  proteins 
and  the  'albuminoids'  has  shown  that  the  distinction  between  the 
groups  is  no  longer  tenable^  for  there  is  no  clear  line  of  demarcation, 
and  no  chemical  tests  will  serve  as  a  satisfactory  basis  of  separation. 
Many  of  these  unclassified  proteins  are  insoluble  substances,  forming 
important  constituents  of  the  skeletal  parts  of  living  organisms,  but 
they  are  not  found  in  animal  cells,  blood,  lymph,  or  similar  fluids. 
They  are  all  hydrolysed  by  acids,  and  many  of  them  also  by  enzymes, 
yielding  proteoses,  peptones,  and  a  variety  of  amino  acids.     The 
proportions  of  these  amino  acids  vary  considerably,  which,  no  doubt, 
accounts  for  the  physical  differences  between  the  members  of  this 
group  and  the  typical  coagulable  proteins.    A  few  of  the  more 
important  of  these  substances  are  mentioned  below,  but  for  detailed 
information  special  text-books  must  be  consulted. 

Oelatin  is  obtained  by  the  action  of  steam  upon  the  insoluble 
protein  found  in  bone  and  cartilage.  On  hydrolysis  it  yields  a  very 
large  quantity  of  glycocoll  (16  per  cent),*  but  neither  tyrosine  nor 
txyptophane.  KeraUn  is  the  main  constituent  of  hair,  hoof,  horns, 
nails,  &c.  It  is  a  very  insoluble  substance,  and  is  remarkable  for  the 
large  amount  of  sulphur  it  contains.  On  hydrolysis  it  may  yield  as 
much  as  14  per  cent  of  cystine.'  A  similar  substance,  known  as 
neuroheroHn,  is  found  in  nerve-fibres.  Elastin  is  contained  in  the 
yellow  elastic  fibres  of  connective  tissue  and  yields  on  hydrolysis 
large  amounts  of  leucine,  but  scarcely  more  than  traces  of  the 
diamine  acids.^    Fibrosin  and  sericm  are  the  pfotein  constituents  of 

'  This  appears  to  be  ideniioftl  with  the  caseinie  acid  of  Skraup,  Ber,,  1904^  87, 
1596. 

*  £.  Fischer,  Aders,  and  Levene,  Zeit  physiol,  Chem.,  1902,  36,  70. 

*  K.  A.  H.  MOrner,  ZeU.  phuHol.  Chem,,  1901,  84,  207. 

*  KoBsel  and  Eutscher,  Zeit.  physioL  Chem,,  189S,  25,  551 ;  Horbacze'tvaki,  ZeiU 
physioL  Chm,^  1882,  6,  880. 
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crade  silk.  The  former,  on  hydrolysis,  yields  more  than  86  per  eest 
of  glyoocoU,  21  per  cent,  of  alanine,  and  10  per  cent,  of  tyrosine,  V« 
leucine  and  the  diamino  acids  are  present  in  veiy  small  quantity,  aci 
glutamic  and  aspartic  adds  appear  to  be  completely  absent.^  j^kh^ 
is  an  insoluble  protein  found  in  sponges,  and  contains  a  lazge 
proportion  of  iodine. 

Befbrenoes. 

C^umie  dtr  EivjetatHokperf  by  0.  Gohnheim.    Yieweg,  BrannschTveig. 

Chemigtry  qfthe  Proteidif  by  O.  Mann.    Macmillan,  London,  1906. 

Chemistry  qffhe  Albumins,  by  S.  B.  Schryver.     Blakiston,  Sons  &  CrO. 

Undersuehungsn  Hber  Aminos&unn,  Potyp^pUds  und  Pwiiine,  by  K.  Fischer,  1899- 
1906.    Springer,  Berlin. 

Uehsr  dsn  gsgsnwMigen  Stand  der  Eitoeisschsmis  (Lecture),  A.  Koasel,  Ser<^  ISCIr 
34,  8214. 

Untersuchungen  Hbsr  AminasSursn,  Polypeptide  und  ProtSins  (Lectare),  £•  fladie^ 
Ber.j  1906,  89,  680. 

Special  articles  in  Asher  and  Spiro*8  Ergebnism  der  FkystciogiSj  indndlng  V^ 
Bau  und  Qruppierung  der  Eiujeisskorper,  by  F.  Hofmeister.  The  latter  paper  inelate 
an  excellent  bibliography. 

^  E.  Fischer  and  Skita,  ZHU  physiol.  Chem.,  1901,  88,  171 ;  1902,  35,  224. 


CHAPTER  XII 

THE  BENZENE  THEORY 

At  a  time  when  the  paraffins  and  their  derivatiyes,  known  as  'the 
fatty  compounds',  formed  a  well  ordered  and  compact  group  of 
closely  related  substances,  there  remained  an  unchissified  collection 
of  Tegetable  products,  such  as  balsams,  resins,  essential  oils,  and 
their  derivatives,  which,  from  their  pleasant  perfume,  received  the 
name  of  'aromatic  compounds \ 

A  closer  study  of  these  aromatic  compounds  revealed  a  connection 
between  certain  members  similar  to  that  which  had  long  been 
recognized  among  the  derivatives  of  the  paraffins.  Thus  toluene, 
CrHg,  obtained  by  distilling  tolu  balsam,  bore  the  same  relation 
to  oil  of  bitter  almonds  and  benzoic  acid  as  ethane  to  acetaldehyde 
and  acetic  acid. 

G7H8  CjHjO  C7HQO2 

Toluene.  Oil  of  bitter  almonds.  Benzoic  aoid. 

C2H9  CjH^O  C2H4O2 

Ethane.  Acetaldehyde.  Acetic  acid. 

Cymene,  G10H14,  cuminol,  C10H12O  (from  Roman  cumin  oil),  and 
cumic  aoid,  GxoHi202y  prepared  by  oxidation  of  cuminol,  showed 
a  aimilar  relationship.  The  first  of  each  series  was  a  stable 
hydrocarbon,  the  second  exhibited  the  properties  of  an  aldehyde, 
and  the  third  was  an  acid. 

Bat  notwithstanding  the  parallelism  which  appeared  among 
members  of  the  aliphatic  and  aromatic  groups,  a  sharp  line  divided 
them;  indeed,  many  years  elapsed  before  any  direct  synthesis 
of  a  member  of  the  one  group  from  that  of  the  other  served  to 
establish  a  link  between  them.  • 

Among  the  members  of  the  aromatic  group  there  existed  a  certain 
&mily  resemblance  which  was  easy  to  recognize.  They  contained 
ft  higjher  proportion  of  carbon  than  the  fatty  compounds,  and 
on  being  broken  up  into  simpler  substances,  it  was  foimd  that  the 
products,  such   as   benzene,  CeH«,    phenol,    CqH^O,  picric   add, 

pf 
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CeHsNsO^,  Ac,  contained  6  atoms  of  carbon.    Any  attempt  to 
beyond  this  point  and  to  form  substances  with  5  or  fewer 
atoms^  generally  resulted  in  the  complete  disintegraiioii  of  the 
molecule. 

SekvU^s  Bensene  FocmvU.  Eekuld  was  the  first  to  tav 
attention  to  these  facts  in  his '  Chemie  derBencolderivaia*,  piiHiJinI 
in  1867|  and  based  upon  them  a  theory  which  shed  anew  light  on  tbm 
obscure  comer  of  chemistry.  The  rapid  development  of  the  aromstr 
group  of  compoundsy  which  has  now  become  the  piiMltiiiiiiMii 
partner  in  the  two  great  divisions  of  organic  chemistry,  mut  bs 
Attributed  in  a  great  measure  to  this  theory  which  Kekul6  expoondsi 
m  the  following  words: 

'In  order  to  determine  the  atomic  constitution  of  the  axomstic 
compounds  the  following  facts  must  be  considered : 

*  1.  All  aromatic  compounds,  even  the  simplesti  are  oompaiaimfy 
richer  in  carbon  than  the  corresponding  dass  of  fatty  oompoond& 

*  2.  Among  the  aromatic  substancesi  as  among  fatty  oompound^ 
numerous  homologous  compounds  exist. 

'8.  The  simplest  aromatic  substances  contain  at  least  6  atooi 
of  carbon. 

'4.  All  decomposition  products  of  aromatic  substances  show  a 
certain  fionily  resemblance;  they  belong  to  the  group  of  aromalk 
substances.  In  more  vigorous  reactions  a  part  of  the  earbon  in  flit 
form  of  compounds  of  the  fatty  group  is  eliminated^  but  the  mais 
product  is  always  aromatic  and  contains  at  least  6  atoms  of  caiboo 
(benzene,  quinine,  chloranil,  phenol,  oxyphenic  acid,  picric  aeidy  &«.). 
The  decomposition  stops  with  the  formation  of  these  produ^ta^  iinliff 
complete  destruction  of  the  organic  group  ensues.  These  fBtiM, 
which  have  been  recognized  as  of  general  application,  justify  thfl 
supposition  that  in  all  aromatic  compounds  there  is  one  and  the  samt 
atomic  group  or  common  nucleus,  which  consists  of  6  atoms  d 
carbon.  Within  this  nucleus  the  carbon  atoms  are  in  a  eertua 
closer  connection  or  denser  combination,  from  which  it  follows  tliii 
all  aromatic  compounds  are  comparatively  rich  in  carbon*  Mon 
carbon  atoms  can  then  be  added  to  this  nucleus  in  the  same  manner 
and  according  to  the  same  laws  which  govern  the  &tty  oompounda 
In  this  way  the  existence  of  homologous  compounds  may  be 
explained.' 

Kekuld  then  proceeds  to  show  how  these  6  atoms  of  carixm 
may  be  so  united  bb  to  leave  6  single  combining  units  free.  Li 
conformity  with  his  view  of  the  constant  valency  of  carbon,  Kefadi 
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nzippofses  that  every  alternate  linkage  is  a  double  one.  Six  carbon 
i^^oms  thus  arranged  in  an  open  chain  will  have  8  free  combining 
11-nitfl, 

_C  -  C— C  -  C— C  -  C— 

I       I      I       I      I       I 

|>ut  if  the  two  end  carbon  atoms  are  linked  together,  a  closed  chain 
of£  carbon  atoms  results  with  6  free  combining  units, 

c  -  c— c  -  0— c  «  b 

I     i    I     I    I     I 

hich  he  represented  by  the  following  graphic  formula : 


If  each  of  the  free  linkages  is  attached  to  a  hydrogen  atom,  the 
formula  for  benxene  is  obtained,  and  is  usually  represented  in  the 
following  manner : 

GH 

HC/NCH 


HC«1    JCH 


Kekul4*8  formula  for  Benson^. 

This  formula  therefore  postulates  three  ethylene  linkages.  Evidence 
in  favour  of  suchj^an  unsaturated  closed  chain  is  afforded  by  the 
•existence  of  additive  compounds  of  benzene  with  2,  4,  or  6  atoms 
of  hydrogen,  chlorine,  or  bromine,  but  no  more.  The  isomeric  hydro- 
•carbon,  d'^^rqpargtfl,  which  is  obtained  from  diallyl  tetrabromide 
by  removing  hydrogen  bromide  with  potassium  hydroxide, 

CH^Br .  CHBr .  CH^ .  OH, .  CHBr .  GH^Br  +  4K0H 

Dialkyl  tetrabromide. 

-GH:C.GH,.GHa.G:CH  +  4KBr  +  4H,0 

Dipropaiigyl* 

is  undoubtedly  an  open-chain  compound,  since  it  requires  8  additional 

Ff  2 
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atomft  of  the   aboTe   three  elem^its  for   satimtion.    M 
diprepaigyl  is  yery  lenaitiTe  to  ozidiBing  agent8»  wherees 
is  marked  by  great  stabilityi  an  indication  in  itself  of  aome 
mental  differenoe  in  atructnre. 


Vo»0leA]iio  CSuumotev  of  Banaana.    But^  on  the  other  hiai 
the  affinity  displayed  by  the  olefinie  hydrocarbons  for  the  luliij^— 
is  not  exhibited  to  an  equal  degree  by  benaoie  and  its  honiologii& 
The  halogens  form  additive  compounds  with  benzene   only  m 
presence  of  sunlight,  and  the  hydrogen  halides  do  not  eombine  at  al. 
There  is  consequently  no  strict  analogy  between  the  two  daaas 
of  olefinie  compounds.    The  difference  is  further  emphasised  by  ik 
action  of  oxidising  agents  upon  benzene  and  its  homologues.    Benaoai 
itself  is  highly  resistant,  but  if  a  side-chain  is  present  it  is  attarti^ 
and  conyerted  into  carboxyl,  whilst  the  benzene  nucleus  is  ub- 
touched.    Thus  methyl  and  ethyl  benzene  form  benzoic  meid  oa 
oxidation.    The  very  opi>osite  result  might  have  been  antic^ted 
from  the  weU-known  behaviour  of  olefinie  compounds,  which,  on 
oxidation,  break  down  at  the  double  link.    Indeed,  so  conunonlj 
does  this  occur  that  the  rapid  reduction  of  an  alkaline  aolutioa 
of  permanganate  in  the  cold  was  used  by  Baeyer  ^  to  ascertain  At 
presence  of  an  ethylene  linkage  in  unsaturated  acids. 

Oeneral  Properties  of  Aromatio  Compounds.  We  hare  nov 
to  consider  the  action  of  reagents  in  forming  substitutioii  produdst 
and  to  compare  those  products  with  similar  compounds  of  tb» 
aliphatic  series.  By  the  term  '  aromatic '  is  usually  denoted  not  onlj 
benzene  and  its  deriyatives,  but  other  closed-chain  compspnds,  sodt 
as  naphthalene,  anthracene,  pyridine,  thiophene,  &c.,  which  show 
the  general  behaviour  of  benzene.  The  terms  hmsenoid  and  cyrfv 
are  sjmonymous  with  aromatic. 

An  important  characteristic  of  the  aromatic  compounds  is  &» 
acidic  nature  of  the  nucleus.  This  is  observed  in  the  phenols^ 
which  correspond  to  tertiary  alcohols  in  constitution,  yet  behave  )Sut 
weak  acids,  and  dissolve  readily  in  caustic  alkalis ;  in  the  amines, 
which  like  aniline  are  weak  bases  whose  salts  redden  litmus,  or  lib 
triphenylamine,  which  forms  no  salts  at  all;  in  substances  snd 
as  benzyl  cyanide  and  desoxybenzoin,  which  contain  a  replaceable 
hydrogen  in  the  methylene  group,  thus  resembling  the  1 :  S-di- 
ketones, 

OeHg.  CHa.  CN        C^H, .  00.  CHj.  OeH,        R-CO .  OH,.  OO-B 

Benzyl  cyanide.  Desoxybenzoin.  1 : 3-Diketone. 

^  Annaien,  1888,  845,  146. 
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and  like  the  1 :  S-diketones  undergo  condensation  by  Enoeyenagiel's 
Exxethod  (p.  285).  Chaxaoterietio,  toO|  is  the  stability  of  the  simple 
iialogen  deriyatiyes  of  the  aromatic  hydrocarbons  which  are 
unchanged  by  caustic  alkalis,  and  in  fsict  by  most  reagents,  excepting 
tJie  alkali  metals.  By  heaping  up  nitro  groups  in  the  nudeus, 
^be  acid  character  may  be  so  far  intensified  that  the  halogen,  like 
'that  in  an  add  chloride^  can  be  remoyed  by  potassium  hydroxide, 
^ying  a  phenol,  or  by  ammonia,  forming  an  amino  compound. 

The  formation  of  nitro  compounds  by  the  action  of  nitric  add, 
of  Btilphonic  acids  by  the  action  of  strong  sulphuric  add,  and  the 
IViedd-Crafts  reaction,  haye  no  exact  parallel  among  the  aliphatic 
compounds.  To  obtain  the  nitro  deriyatiyes  of  normal  paraffins 
vrittt  nitric  acid,  dilute  nitric  add  at  a  high  temperature  must  be 
employed,^  although  the  iso-parafSns  are  readily  attacked  by  the 
fuming  acid,'  and,  for  preparing  the  alkyl  sulphonic  acids,  fuming 
sulphuric  acid  or  the  anhydride  is  necessary.* 

We  also  find  among  the  aromatic  compounds  diazo  and  azo  com- 
pounds, which  haye  only  a  yery  limited  number  of  representatiyes  in 
the  aliphatic  series.  Here  again  the  acidic  character — carboxyl  in  the 
aliphatic  and  phenyl  in  the  aromatic  series — of  the  associated  group 
seems  to  play  a  part  in  determining  the  formation  of  the  compounds 
in  question. 

CeHgNaOH  C2H5OCO .  CHNj 

Diazonium  hydroxide.  Diazo-aoetie  ester. 

Positioii  Zflomsrism.  Whether  or  not  Eekuld's  benzene  formula 
accounts  for  the  distinctiye  characters  of  the  aromatic  compounds,  is 
a  question  which  will  be  discussed  later ;  but  the  formula  seryed 
another  purpose.  It  was  designed  to  explain  the  special  kind  of 
isomerism  which  is  met  with  among  these  compounds  and  usually 
described  bs  position  isomerism. 

The  symmetrical  distribution  of  the  hydrogen  atoms  admits  of 
only  one  mono^substitution  product,  and  only  one  such  product  is 
known ;  among  the  di-deriyatiyes  of  benzene  it  soon  appeared  that 

^  Konowaloff;  Bar.,  1892,  26  B,  108. 

*  IVaneiB  and  Toung,  Trans.  Chem.  Soe.,  1898,  78,  928. 

*  As  Harokwald  points  out,  it  is  scarcely  admissible  to  draw  a  oompaxison 
between  benzene  and  the  saturated  aliphatic  hydrocarbons.  Analogies  should 
be  sought  among  the  olefinic  compounds  of  Uie  series.  Thus  the  hydroxy- 
methylene  compounds  (p.  288)  which  contain  the  group  —  CH(OH)  have 
stronger  scid  properties  than  phenol,  and  halogen  compounds  of  the  type 
0H:CHC1  contain  a  more  stable  halogen  than  the  alkyl  chlorides.  Jdio, 
a  substance  like  cinnamie  acid  forms  with  nitric  acid  a  dinitro  compound 
1T03.C«H4.CH:G(NO,).OOOH  in  which  one  nitro  group  repluces  hydrogen 
in  the  olefinic  side-chain  and  corresponds  to  nitrobenzene^ 
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many  existed  in  three  isomeric  forms*  If  we  denote  the  powtiops  d 
the  carbon  atoms  in  Kekuld's  benzene  formula  (omitting  fnm  t 
the  double  linkages)  by  the  numbers  1--6, 

CH 

CH 


it  is  obvious  that  two  elements  or  groups  replacing  the  hydcoges 
atoms  1  and  2  will  produce  a  different  compound  from  that  fotmri 
by  replacing  those  at  1  and  8  and  at  1  and  4.  As  the  six  carlxm  and 
sue  hydrogen  atoms  are  symmetrically  disposed,  the  substitatioa  of 
the  hydrogen  atoms  at  1  and  5  will  be  equivalent  to  that  at  1  and  S. 
and  that  at  1  and  6  to  1  and  2,  so  that  three  and  not  more  than  0am 
di-derivatives  are  possible.  This  was  in  strict  agreement  with  tbi 
facts,  although  the  direct  proof  of  the  symmetry  of  the  molecnk 
was  not  forthcoming  until  later. 

Chfientation.  The  necessity  for  assigning  definite  positions  to  yi* 
substituents  in  the  different  series  of  isomeric  compounds  was  soon 
recognized,  but  it  was  only  after  repeated  failures  that  truatwoitiiy 
methods  were  at  length  evolved.  The  history  of  the  developmoit  of 
the  process,  which  is  usually  known  as  orientaiumf  presents  maiiT 
features  of  interest,  but  cannot  be  fully  discussed  here.*  The  fint 
attempts  were  based  on  pure  assumptions,  which  being  as  ottm 
wrong  as  rights  led  to  frequent  confusion.  Baeyer's  view,  thai 
mesilylene  being  formed  from  acetone  must  therefore  be  synunetried 
trimethyl  benzene,  has  stood  the  test  of  time. 

The  proof  of  the  symmetrical  structure  of  meeitylene  was  supplkd 
by  Ladenbuig  in  1874.*  He  prepared  dinitromesitylene  whieh  gave 
nitromesidine  by  the  reduction  of  one  of  the  nitro  groups.  Tho 
nitromesidine  yielded,  on  nitration  of  its  acetyl  derivative,  a  dinitnh 
mesidine,  from  which,  by  elimination  of  the  amino  group,  a  dinitro- 
mesitylene was  obtained,  identical  with  the  first  The  positioiis 
occupied  by  the  two  pairs  of  nitro  groups  are  therefore  equivalent 
If  now  the  above  nitromesidine  is  converted  into  nitromesityleiie 
and  the  latter  into  mesidine  and  its  acetyl  derivative  then  nitrated, 
a  nitromesidine  is  formed  which  is  identical  with  the  original  nitro- 
mesidine.   As  the  interchange  of  nitro  and  amino  groups  gives  the 

^  An  ezeellent  aocount  is  giyen  in  Bosooe  and  Schorlemmer's  Trdatise,  v6L  iii. 
pari  iii  (Iniroduotion),  and  alao  in  the  introdaotion  bj  Richard  Megrar  to 
Srlenmeyor's  Uhrtnteh  d§r  organiMehm  Oh§mi$^  vol.  ii  (Leipzig,  ISSS). 

*  B^r.,  1874,  7,  1188 ;  AfimUnj  1875, 178,  168. 
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same  oompound,  these  two  positions  must  be  equivalent^  and  there- 
fore the  three  hydrogen  atoms^  and  consequently  the  three  methyl 
Croups,  are  symmetrically  arranged.    As  mesitylene  can  be  con- 
verted into  one  of  the  xylenes  and  into   isophthalio  acid,   the 
structure  of  the  two  latter  as  meta-deriyatives  follows.    In  1870 
V.    Meyer  converted   sulphobenzoic  acid,   on  the  one  hand,  into 
hydrozybenzoic  acid  by  fusion  with  potassium  hydroxide^  and  on 
the  other  into  isophthalio    acid   by  fusion  with  sodium  formate, 
and  thus  established  these  two  as  meta-derivatives.    Salicylic  and 
phthalic  acids^  since  they  yielded  anhydrides,  were  assumed  to  be 
ortho  compounds,  and  consequently  the  third  hydroxy-  and  dibasic- 
acid  (terephthalic)  were  para  compounds. 

The  proof  of  the  structure  of  the  two  last  compounds  was  furnished 

by  Ladenburg  in  1869.^    HQbner  and  Petermann '  had  observed  that 

ordinary  bromobenzoic  acid,  which  is  related  to  m-hydroxybenzoic 

aeid,  gives^  on  nitration,  two  isomeric  nitrobromobenzoic  acids.    The 

latter,  on  reduction,  yield  the  same  aminobenzoic  acid,  Le.  anthranilic 

aoid,  which  is  related  to  salicylic  acid.    Aa  both  bromonitrobenzoic 

acids  are  derived  from  the  same  bromobenzoic  acid,  the  bromine 

atom  in  both  compounds  must  have  the  same  relative  position  to 

the  carboxyl  group.    The  difference  must  therefore  be  due  to  the 

position  of  the  nitro  groups  in  the  two  compounds.    But  since  both 

bromonitrobenzoic  acids  give  the  same  aminobenzoic  acid  on  reduc« 

tion,  the  two  nitro  groups  must  also  occupy  the  same  relative 

IKMition  to  the  carboxyl  group.    This  can  only  happen  if  the  bromine 

atom  or  nitro  group  is  not  in  the  para  position  (see  p.  444). 

Consequently,  the  third  hydroxybenzoic  acid,  which  is  related  to  the 

third  bromo-  and  amino-benzoic  acid,  must  be  a  para  compound,  and 

aa  this  acid  and  terephthalic  acid  are  both  related  to  the  same  bromo- 

toluene,  the  constitution  of  terephthalic  acid  is  also  given. 

vCHo  .COOH  .COOH 

^Br  \Br  ^NH, 

C3  yCOOH  JOOOK 

-^  C,hZ  CeH,< 

p.  Xylene.  Terephthalic  aoid.    Hydrozybenzoio  aoid. 

Two  out  of  the  three  nitrotoluenes  were  brought  into  relation 
with  the   meta-  and   para-bydroxybenzoic   acids  by  successively 

*  Ber.,  1869,  8, 140.  •  Jnnalmt  1869, 149, 189. 
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^iV^imng,  ledudng^  and  ^^*«*^""g  each  of  the  compoiuidi ;  ttt 
third  was  eonaeqoeatly  the  ortho  eompound. 

Pekenea  *  pointed  oat  that  ainee  ortho-  and  paia-nitiotolnene  gnt 
the  same  dinitrotoloene  on  nitiationy  the  product  niost  eontain  fte 
tt?o  nifaro  groape  in  the  meU  position  one  to  another, 

CH3  CH3  CH3 


1 


\y 


NO, 


0 

NO, 


and  concluded  that  dinitrobenaene  must  also  be  a  meta  eompomidp 
a  deduction  which  has  aince  proved  correct  Aa  n^linitrobaiaew 
is  related  to  a  series  of  simple  di-eubetituted  benzene  deriTativw 
the  atructuie  of  these  ia  determined,  whilst  those  of  the  ortho-  and 
para-compounda  are  known  by  their  relation  to  the  correepondiiig 
dibromobenzenes. 

SBraer'a  Abadlvie  Method.  The  constitution  of  phthalic  add 
as  an  ortho  compound  was  based  upon  two  hypotheses — ^its  relation 
to  the  formula  for  naphthalene  and  the  structure  of  its  anhydride ; 
the  formula  for  isophthalic  acid  was  derived  from  its  relation  te 
mesitylene,  the  constitution  of  which  was  at  the  time  purely  hypo- 
theticaL 

In  an  important  paper  published  in  1874,  'On  the  laomeriam  of 
Aromatic  Compounds  with  six  Carbon  Atoms,'  KOmer  *  subjected  the 
methods  of  orientation,  then  employed,  to  a  very  searohing  criticasiD. 
He  pointed  out  that  the  structuro  of  the  three  phthalic  acids  was  too 
problematical,  and  their  connection  with  the  deriyatiyes  of  benzene, 
propared  by  direct  substitution,  too  uncertain  to  serve  as  a  basis  of 
orientation.  He  held  that  since  it  was  always  open  to  question  whether 
a  reaction,  which  determined  the  rolation  between  one  compound  and 
another,  proceeded  in  a  normal  fashion,  any  method  of  orientation, 
to  be  entirely  satisfactory,  should  be  as  far  as  possible  independent 
of  the  course  of  chemical  change. 

K6rner's  method  was  based  on  a  principle  which  assumed  the 
equivalence  of  the  six  hydrogen  atoms  of  benzene.  A  di-derivative  of 
benzene  containing  similar  groups,  A  A,  in  the  ortho  position,  can 
only  produce  two  tri-derivatives  by  the  intix>duction  of  a  third  grcmpt 

>  Ber.,  1878,  0,  868;  1874,  7,  58. 

*  Gaze,  chim,  iUd.,  1874,  805;  Jahr€tb.y  1875,  299. 


KOKNEE'S  ABSOLUTE  METHOD 


441 


A  OT  B.    In  the  sams  way  a  meta  compound  can  only  produce  three 
tri-derivatiyes  and  a  para  compound  only  one. 


A 


\X 


A 

Aa 


A     A 
B 


A 
A 


A     A 

/\a    /N 


\y 


A 


^A  A^^A 
A 


A     A 

/Nb    /\ 


A 


^A  yA   B^A 


A 


A 


A 

Aa 
\/ 

a 

a 


A 


It  will  be  seen  from  the  above  scheme  that  when  the  three  groups 
in  the  tii-derivatiyes  are  the  same,  only  three  isomers  are  produced 
in  all,  whereas  if  the  third  group,  B,  is  different  from  the  other  two, 
all  the  six  tri-derivatiYea  are  isomeric.  KOrner  applied  the  principle 
to  determine  the  constitution  of  the  di-  and  tri-bromobenzenes. 
Solid  dibromobenzene  (m.  p.89^yields  only  one  nitrodibromobenzene, 
the  isomeric  liquid  modification  is  able  to  form  two,  and  the  third, 
three  nitro  derivatiyes.  In  the  same  way  Earner  obtained  two  tri- 
bromobenzenes  from  the  first  dibromobenzene,  one  from  the  second, 
and  three  from  the  third.  The  first  compound  is  therefore  para,  the 
second,  ortho,  and  the  third,  meta.  In  practice  the  method  is 
difficult  to  carry  out,  as  the  complete  series  of  derivatiyes  is  not 
always  formed;  The  reverse  process  may  sometimes  be  adopted 
with  advantage.  If  the  same  di-derivative  is  obtained  from  two 
tri-derivatives,  the  product  is  an  ortho  compound ;  if  from  three 
tri-derivatives,  it  is  meta ;  if  from  one  only,  it  is  para. 

The  constitution  of  the  phenylene-diamines,  CqH4(NH2)29  has  been 
established  by  Griess  ^  in  this  way.  The  six  diaminobenzoic  acids, 
all  of  which  are  known,  yield,  on  distillation  with  lime,  three 
phenylenediamines.  Three  of  them  give  the  same  phenylenediamine 
(nup.6d^)  which  is  consequently  a  meta  compound,  two  yield  a 


»  JB€r.,  1874,  7,  1226. 
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phenylenediamine  (m.  p.  99^  which  is  therefore  the  oitho  oompoufii 
and  the  sixth  diamino-benzoio  acid  fonns  a  phenylenediaiiiiiie 
(m.  p.  140*^)  which  must  be  the  para  compound. 

Vynmetrioal  Strueture  of  Baaaana.  It  has  already  been 
stated  that  Kekul4  based  his  formula  for  benzene  upon  the  geiMnl 
character  of  the  aromatic  compounds  and  upon  the  symmeUeal 
distribution  of  the  carbon  and  hydrogen  atoms,  indirect  evidanoe  d 
which  was  furnished  by  the  existence  of  only  one  mono-  and  three 
di-deriyatives.  The  direct  proof  of  the  symmetry  of  the  moleeok 
was  supplied  by  the  combined  researches  of  Ladenbuig,  Wroblewd[j 
and  HQbner,  and  Petermann.  Ladenburg^  showed  that  phenol  msj 
be  converted  by  the  action  of  phosphorus  bromide  into  monobrome- 
benzene,  which  in  turn  may  be  transformed,  by  the  action  of  earbas 
dioxide  and  sodium,  into  the  sodium  salt  of  benzoic  acid  by  Kekol^t 
method  (p.  246). 

CeHaOH  -►  CeH^Br  ^  CeHa-COOH- 

The  carboxyl  in  benzoic  acid  may  be  assumed  to  occupy  the  samt 
position  as  the  hydroxyl  in  phenol.  Now  there  are  three  hydroxj* 
benzoic  acids,  which  may  be  converted,  on  the  one  hand,  into  benaok 
acid  and,  on  the  other,  into  phenol.  The  benzoic  acid  and  phenol, 
thus  obtained,  are  identical  in  every  case.  If  we  suppose  positioii 
1  to  be  occupied  by  carboxyl  in  the  three  hydroxybenzoic  acida»  ihe 
hydroxyls  will  assume  i>ositions  2,  8,  and  4  respectively,  and  as 
the  three  phenols  obtained  by  removal  of  carboxyl  are  identical,  and 
the  same  as  that  from  which  benzoic  acid  in  the  first  instance  was 
derived,  it  follows  that  the  positions  1,  2,  8,  and  4  are  symmetriesl 
or  equivalent. 


COOH 

6    2 
5    S 

t 

OH 


\y 


COOH 
/\0H 

i 


•/\)H 


\y 


*  Thewrie  dw  anmaUscken  Verbindtingmf  by  A.  Ladenburg.     Yieweg, 
1S76. 


SYHHETBICAL  STBUCTUBE  OF  BENZENE         448 

The  same  reasoning  can  be  applied  to  the  reduction  of  the  three 
hydxoxybenzoic  acids  to  benzoic  acid.  The  proof  of  the  equivalenoe 
of  the  positions  5  and  6  lies  in  the  fiict  that  there  are  two  pairs 
of  positions  which  are  symmetrically  situated  with  regard  to  a  third 
pair.  It  has  been  shown,  for  example,  that  a  bromine  atom  may  be 
introduced  into  benzoic  acid  in  two  different  positions  relatiyely  to 
the  carbozyly  and  yield  the  same  bromobenzoic  acid,  and,  in  the  same 
way,  a  nitro  group  may  replace  hydrogen  in  two  other  positions  and 
form  the  same  nitrobenzoic  acid. 

Starting  fromi^toluidine,  Wroblewsky  ^  prepared  a  bromotoluidine, 
and  firom  this,  in  successiYe  stages,  bromotoluene  and  bromobenzoic 
acid.  He  then  conYerted  the  above  bromotoluidine  into  a  nitro- 
eompoundy  a  nitrobromotoluene,  a  toluidine,  and,  finally,  a  bromo* 
toluene  and  bromobenzoic  acid,  which  were  identical  with  the  first 
two.  If  direct  rephicement  occurs  in  the  various  reactions,  it 
neoessarily  follows  that  the  first  bromine  occupies  a  different 
position  from  the  second.  This  will  be  manifest  from  the  following 
aoheine  in  which  the  substituents  are  given  arbitrary  positions. 


Cg,  H,  H,  H,  H,  CH3,  NH2 

Ce,H,H,H,Br,CH3,NH2    -*     Oe,H,H,NOji,Br,CH3,NH4 

Oe,  H,  H,  H,  Br,  CH,,  H  €« ,  H,  H,  NO,,  Br,  OH3,  H 

Oe,  H,  H,  H,  Br,  COOH,  H  Oc,  H,  H,  NHj,  H,  CH„  H 

I 
C5,  H,  H,  Br,  H,  CH3,  H 


— *•       Cj,  H,  H,  Br,  H, 


identieal 


COOH,  H 


The  existence  of  a  second  pair  of  symmetrical  positions  follows 
from  the  ob^rvations  of  Hubner  and  Petermann,'  to  which 
reference  has  already  been  made  (p.  489).  The  bromobenzoic  acid 
of  Wroblewsky  yields,  on  nitration,  two  isomeric  nitrobromobenzoio 
aoids,  which,  on  reduction,  form  the  same  aminobenzoio  acid 
(anthranilic  add). 


'  Bar.,  1872,  6,  SO ;  Annatm,  1878, 168, 158 ;  1878, 108, 198. 
*  JbmtOmt  1888, 149, 181. 
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COOH 


Br 


/  \ 

cooh         cooh 
/\no. 


/\nh. 

The  two  nitro  groups,  therefore^  occupy  a  second  pair  ot  wymr 
metrical  positions  in  regard  to  the  carboxyL  The  six  carbon  uni 
hydrogen  atoms  are  therefore  i^rmmetrically  grouped,  and  beoaw 
is,  as  a  whole,  a  symmetrical  structure. 

Biag  Btruciure  of  Banaene.  Direct  evidence  of  the  riag 
structure  of  benzene  and  its  deriYatives  is  afforded  by  the  synthesb 
of  hexahydrobenzene  or  cyclohexane,  and  certain  of  its  derxvatiyes 
from  open-chain  compounds,  and  by  their  identity  with  the  prodoets 
obtained  by  the  direct  reduction  of  benzene.  Thus^  Perkin  ^  obtained 
cydohexane  by  the  action  of  sodium  on  hexylene  dibromide  (p.  247)^ 
which  is  identical  with  hexahydrobenzene  prepared  from  bftmane  by 
reduction.* 

I  +2Na»|  I      -f2NaBr 

CHj— CHjj— CHjBr  CHj— CHj— CH, 

Also  the  cis-  and  trans-hexahydro-isophthalic  acid  and  hexahydro- 
terephthalic  acid  obtained  by  Baeyer  by  the  reduction  of  iao>  and 
terephthalic  acid  (p.  448)  are  identical  with  the  synthetic  compounds 
obtained  by  Perkin  from  disodium  pentanetetracarboxylio  ester  and 
methylene  iodide  in  the  one  case,'  and  from  disodium  butanetetia- 
carboxylic  ester  and  ethylene  bromide  in  the  other*  (see  p.  250). 

The  symmetrical  ring  structure  of  benzene  being  thus  satisfactorily 
established,  the  problem  narrows  itself  down  to  ascertaining  the  fide 

>  Bit.,  1894,  27,  216l 

'  Sabatier  and  Senderena,  CompL  rmd.,  1901, 182, 1264. 

'  Tnau.  Cknn.  Soc,  1892,  61, 172. 

*  Trans.  Chem.  8oc,,  1891,  50,  798. 
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of  the  fourth  carbon  bond.  Much  ingenuity  has  been  displayed  in 
dtfTiaing  formulae,  both  statical  and  dynamical,  which  should  solve 
tliia  problem. 

Statioal  Formulae  for  Beniene.  Ladenburg  employed  the  proof 
of  the  symmetry  of  benzene  to  attack  a  vulnerable  point  in  Eekul^'s 
formula,  which  represents  the  carbon  atoms  as  linked  alternately  by 
sixi^le  and  double  bonds.  On  this  assumption  it  necessarily  follows 
tliat  in  the  di-derivatives  two  different  ortho  compounds  1, 2  and  1,  6 
should  exist,  and,  if  the  groups  are  different,  two  meta  compounds 
also  become  possible. 

A  A  A  A 

/^A      a/\  a  /N 

No  such  differences  have  been  observed.  Noelting  prepared  a 
series  of  di-halogen  derivatives  from  2*  6  dinitrotoluene,  in  which, 
in  place  of  the  nitro  groups,  two  different  halogens  (A,  B)  were 
introduced  in  the  inverse  order,  but  he  failed  to  detect  any  difference 
in  the  properties  of  the  compounds. 


CH 


3 


To  avoid  the  difficulty  introduced  by  the  double  bonds,  Glaus 
proposed  two  formulae,  which  represent  each  carbon  atom  of  the 
ring  attached  to  three  others,  that  is,  to  two  in  the  ortho  and  one 
in  the  para  position,  or  to  two  in  the  ortho  and  one  in  the  meta 
position. 

CH  CH 


H 
H 


a4^ 


CH 


/OH 
CH 


Claus^  gave  the  preference  to  the  first  or  diag(mal  formula^  which 
appeared  to  suggest  a  reason  for  the  simultaneous  formation  of  ortho 
and  para  compounds,  so  often  observed  in  reactions  with  benzene. 


^  Hkwrttiaehe  Bttraehtungen  und  derm  Antoendungm  zur  SffitmuUik  der  wrffantKhen 
Ch»mU,  Freiburg,  1867,  p.  207. 
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ZftdMilrarg's  Prini  Focmvla.    Ladenborg^  adopted  the 
or  prism  foimula.    The  six  carbon  atoms  are  placed  at  the 
of  a  rog^olar  prism,  the  edges  of  which  denote  the  linVftgwif, 


The  numbered  positions  correspond  to  the  arrangement  of  the 
carbons  in  the  hexagon,  as  determined  by  KOmer^s  prineiple  of 
orientation.  The  diagonal  comers  of  the  prism  faces  are  ortiio^ 
those  occupying  the  ends  of  the  vertical  edges  are  para,  and  those 
at  the  corners  of  the  triangular  faces  are  meta  positions.  KeknU 
objected  to  Ladenburg's  formula  on  the  ground  that  it  did  not  admit 
of  the  formation  of  additive  compounds  in  a  satisfactory  manner. 
To  convert  b€\0zene  into  cydohexane  it  was  necessary  to  have 
recourse  to  the  doubtful  expedient  of  breaking  one  para  and  two 
meta  linkages: 

3  5 


Benzene,  C«H«. 


Cjrclohexane,  0|Hu, 


Moreover,  the  introduction  of  two  different  groups  into  the  prism 
formula  gives  rise  to  molecular  asymmetfy,  which  implies  the 
existence  of  optical  enantiomorphs.  All  attempts  to  resolve  such  com* 
pounds  have  been  fruitless  (p.  96X  and,  what  is  even  more  signifieant, 
there  is  no  single  instance  of  an  optically  active  compound  of  benxene, 
among  the  many  derivatives  found  in  nature,  which  owes  its  activity 
to  the  asymmetry  of  the  nucleus.  But  the  most  complete  refutatioii 
of  Ladenburg's  formuhi  has  been  furnished  by  Baeyer.  He  showed 
that,  of  the  three  hexahydrophthalic  acids,  it  is  only  the  oitbo 
compound  which  readily  forms  an  anhydride,  for  the  meta  com- 
pound must  be  heated  with  acetyl  chloride  to  give  it^  and  the 
para  compound  under  no  conditions  exhibits  this  change. 

According  to  Ladenburg*s  formula^  phthalic  acid  on  reduction 


1  Ber.,  1869,  8,  141,  872. 
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should  produce  a  meta  or  a  para  cyclohexane  deiivative,  depending 
upon  which  sets  of  bonds  are  remQved'  The  proceas  may  be 
graphically  represented  in  such  a  way  tha^  after  the  three  links  are 
rexnoyedy  the  two  prism  faces  are  folded  back  like  the  covers  of  a  half- 
open  book. 

3  6 


6 


V 

1 


2^ 


COOH 


PhthaUo  Aoid. 


Meta.  Para. 

Hezahydrophthalie  aoid  according  to  the  priam  formula. 

It  is  difficult  to  reconcile  these  formulae  with  the  existence  of  an 
anhydride,  which  is  more  stable  than  that  produced  by  carboxyls  in 
the  ortho  position,  as  denoted  by  Kekul6's  formula. 

In  reply  to  Ladenburg's  criticism  of  EekuM's  formula,  V.  Meyer  * 
pointed  out  that  the  difiTerence  in  the  two  ortho  positions  was  not 
produced  by  any  alteration  in  the  relative  positions  of  the  atoms,  as, 
for  example,  in  the  a-  and  jS-deriyatiyes  of  acrylic  acid  or  propylene^ 
but  only  by  the  more  delicate  distinction  of  single  and  double  bonds, 
the  exact  significance  of  which  is  unknown. 

lUkaU^m  Bjaaanic  Hypotliesia.  Eekul^'  took  a  similar  view 
of  the  question*  In  order  to  account  for  the  existence  of  only 
one  ortho  deriyatiye^  he  brought  forward  his  dynamic  hypothesis. 
Valency,  he  suggested,  may  have  a  mechanical  meaning,  representing 
the  number  of  contacts  with  other  atoms  experienced  by  an  oscU- 
lating  atom  in  unit  of  time.  Two  atoms  of  quadrivalent  carbon, 
linked  by  one  combining  unit  of  each,  will  perform  four  complete 
oscillations,  striking  each  other  and  also  three  other  atoms  in  the 
unit  of  time,  during  which  period  the  uniyalent  atom  of  hydrogen 
will  make  a  single  oscillation.  A  doubly  linked  carbon  atom  will 
eome  in  contact  twice  with  its  neighbouring  carbon  atom  in  the  same 
period  and  also  strike  two  other  atoms. 

>  AnnaUn^  1870, 106,  865 ;  1871, 169,  24. 
*  AnrnUen^  1872, 162,  85. 
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/^  /\ 


6    2 
5    9 


6    2 
5    3 


Applying  this  hypothesis  to  the  benzene  formula,  carb<m  1  will 
strike  carbon  2  twice,  hydrogen  once,  and  carbon  6  once  in  the 
following  order : 

2,  6,  H,  2. 

In  the  second  period  the  order  will  become  : 

6,  2,  H,  6, 
in  which  carbon  6  is  struck  twice  and  carbon  2  once,  to  be  followed 
in  the  third  period  by  a  recurrence  of  the  first  order  and  so  foitL 
This  will  naturally  take  place  with  aU  the  atoms  of  the  xii^ 
Eekul^  supposes  that  if  the  first  of  the  above  formulae  for  bensent 
represents  the  contacts  made  during  the  first  unit  of  time,  consti- 
tuting the  first  phase,  the  second  formula  will  depict  the  second 
phase,  and,  as  these  phases  are  constantly  alternating,  there  will  be 
an  equal  number  of  molecules  at  any  one  moment  in  both  phases. 
The  difference  between  the  two  ortho  positions  is,  therefore,  moze 
apparent  than  reaL  But  this  hypothesis  would  imply  a  mote  rapid 
motion  of  the  carbon  than  of  the  hydrogen  atom,  which  is  opposed 
to  the  kinetic  theory.'  On  the  other  hand,  the  observations  which 
have  been  discussed  under  tautomerism  (p.  202)  make  it  conoeivahle 
that  some  such  oscillatory  motion  of  atoms  or  groups  may  occur.' 

Baeyer's  Besearches  on  the  Constitutioii  of  Bemene.    In  Us 

classical  research  'On  the  Constitution  of  Benzene',  Baeyer'  sought 
to  decide  between  the  two  formulae  of  Glaus  and  Kekul6,  which  had 
alone  survived,  by  an  exhaustive  inquiry  into  the  reduction  produds 
of  the  phthalic  acids.  Although  this  investigation  has  greatly 
extended  our  knowledge  of  the  hydrocydic  compounds,  and  exhibited 
their  striking  analogy  with  the  aliphatic  compounds,  it  cannot  be  said 
that  the  main  problem  has  approached  much  nearer  to  its  solution. 

Baeyer  himself  has  frankly  admitted  as  much.  'The  task,*  lie 
says,  '  which  I  set  before  me  on  commencing  these  researches  was  tfr 
elucidate  the  constitution  of  benzene,  and  not  to  seek  an  experimental 
verification  of  any  particular  hypothesis.  As  a  consequence  of  this 
resolution  I  have  more  than  once  changed  my  views,  according  as 

1  Miohaelis,  Bar.,  1872,  6,  4(». 

*  In  this  connection  SLnoeTenagel's  theory  of  the  atomic  motion  of  unaataimted 
carhon  atoms  may  be  mentioned,  Ber,^  1908,  86,  2808.  In  the  case  of  benaene 
each  of  the  carbon  atoms  is  supposed  to  rotate  in  opposite  directions  to  its 
neighbours,  thus  alternately  making  and  breaking  the  double  link. 

•  Annaleny  1887,  245,  108 ;  1889,  251,  257 ;  1890,  256,  1 ;  256,  1,  145 ;  1892, 
266,  169 ;  269,  169. 
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the  sum  of  experimental  evidence  appeared  to  favour  one  or  another 
theory.  And  I  would  ask  the  reader  not  to  be  astonished  because 
I  now  give  prominence  to  a  hypothesis  which  I  have  previously 
combated,  nor  to  hold  me  inconsistent  if  I  should  chance  in  the 
course  of  time  to  transfer  my  allegiance  to  another  theory.  ...  No 
conclusion  can  be  drawn  as  to  the  structure  of  benzene  derivatives 
from  their  behaviour  on  reduction.'^  Baeyer's  attention  wa^  first 
directed  to  the  diagonal  formula  of  Glaus,  with  the  object  of 
ascertaining  whether  diagonal  or  para  linkages  exist,  and  as  a  pre- 
liminary step  he  began  by  studying  the  conditions  under  which 
they  might  conceivably  be  formed.  Terephthalic  acid  yields,  on 
reduction,  hexahydroterephthalic  acid,  and  the  latter,  on  treatment 
Tvith  bromine,  is  converted  into  a  mono-  and  a  di-bromo  compound 
having  the  following  constitution  : 

BrC .  COOH  BrC .  OOOH 

HaC/NcHj 


HgC/N^H, 


H, 


'2 


\/ 


)CH, 


^^P\     yA'^2 

HC.COOH  BrC.  COOH 

By  analogy  with  the  general  behaviour  of  acids  on  bromination 
the  bromine  attaches  itself  to  the  a-carbon.  The  experimental 
verification  of  the  above  structure  of  the  bromine  derivatives  is  as 
follows:  by  the  action  of  alcoholic  potash  on  the  monobromo 
compound  hydrogen  bromide  is  removed,  and  a  tetrahydrotere- 
phthalic  acid  is  formed  which  reunites  with  hydrogen  bromide  to 
give  a  different  monobromo  derivative  from  the  original,  and  also 
with  bromine  to  form  a  dibromo  compound  which  is  isomeric  with 
that  obtained  by  direct  bromination.  These  changes  can  only  be 
satisfactorily  explained  on  the  above  assumption,  namely,  that  the 
bromine  enters  the  a-position. 

BrC .  COOH  C .  COOH 


H 


«c/\) 


H. 


HqC/v     JCH2 

mxcooH 

HC.COOH 
HsCj''''\cHBr 

HjCa^  JCHj 
HC . COOH 


and 


HaC/\cH 

HjCX     JCHg 

HC .  COOH 
BrC .  COOH 

H,c/N0HBr 


^\JC 


!H 


a 


HC.COOH 


1  Amoitfn,  1892,  269, 176 ;  see  also  Ytar-Bock  (ff  Selmct,  1898,  225. 
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The  two  dibromo  compounds  show  a  remarkable  differenoe  in  tber 
behaviour  with  asinc  dust  and  acetic  acid.  Whereas  the  bramiae 
is  readily  removed  from  the  compound  which  contains  the  bromine 
atoms  in  the  ortho  position,  re-forming  tetrahydroterephtiialic  add 
with  a  double  link  between  the  two  ortho  carbons,  the  aflbct  on  the 
bromine  atoms  in  the  para  position  is  to  replace  them  by  hydrogea 
and  form  the  original  hexahydro  acid.  No  para  linkage  is  therefoR 
produced  where^  according  to  Claus's  formula,  it  would  be  moik 
natural  to  expect  its  appearance. 


COOH 

I 
C3Br 

HjC/NcH, 

HjOv     JOHj 
CBr 

COOH 


gives 


ij' 


COOH  COOH 

"instead  ^«^    r^« 


CH 
H,c/NCH 


H«CX     JCHo 


of 


H, 


A 


OOH 


C 
COOH 


The  diagonal  formula  was  accordingly  rejected,  only  to  be  rein- 
stated later  in  a  modified  form.  The  change  of  view  was  the  result 
of  observations  made  by  Baeyer  in  extending  his  experiments  on  the 
reduction  products  of  the.phthalic  acids,  which  will  now  be  briefly  ^ 
described.  It  should  first  be  stated  -that  the  large  number  of 
products  obtained  by  the  reduction  of  phthalic,'  isophthalie,*  and 
terephthalic'  acids  has  necessitated  a  special  system  of  notation. 
The  carbon  atoms  of  the  nucleus  being  numbered  from  1  to  6  in 
the  order  of  the  figures  on  a  clock  £Etce^  the  position  of  the  double 
bond  is  indicated  by  the  Greek  A  followed  by  the  number  of  tiie 
initial  carbon  of  the  double  linkage,  as  in  the  following  two 
examples. 

1  1 


\/ 


\/ 


4 


Baeyer  found  that  on  reducing  the  phthalic  acids  with  sodium 
amalgam  in  alcoholic  solution  the  hydrogen  atoms  attach  themaelvw 
to  the  a-carbon,  i.e.  to  the  carbon  which  carries  the  carbozyl  group 

1  Annalm,  1890,  268,  145 ;  1892,  209,  146. 

3  Annalm,  1898,  276,  256. 

>  ^nfia2^,  1888,  245,  108;  1889,  261,  267 ;  1890,  258,  1. 
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ThB  same  thing  wbb  observed  in  the  case  of  unsaturated  open-chaul^ 
udds,  like  muconic  and  piperic  acid,  and  was  ascribed  by  Baeyer  to 
tbe  electro-negative  character  of  the  a-carbon.^  For  example,  the 
first  reduction  product  of  terephthalic  acid  is  the  A^^  dihydro  acid, 

COOH  H   COOH 

[dlJcH     "* 

C 

COOH  H^COOH 

Terephthalic  aeid.      A**  *  Dihydroterephthalle  add. 

vrhilst  muoonic  ftcid  is  conyerted  into  jSydihydromuconic  aoidj 


H< 


COOH 

I 
C 


COOH 


H 


/V 


JH 


H>^H 
C 


I 


CH 

COOH  COOH 

Huoonio  aoid.  /SY-Dihydromaoonio  acid. 

and  piperic  acid  yields  )3ydihydropiperic  acid. 

CH 


CH  -  CH— CH-CH .  COOH 


H 

.  CHg— CH  -  CH— CH  J .  COOH 

^T-Dibydropiperie  acid. 

Baeyer  e^lained  the  process  as  follows :  '  Redaction  only  occurs 
if  hydrogen  ions  can  penetrate  the  molecule.    The  number  is  con* 

>  ^murfen,  1889,  361,  S6fi. 

oga 
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ditioned  by  the  number  of  negative  groups,  which  makes  leduetiot 
possible — in  the  present  instance^  by  the  carboxyl  in  coDJuncika 
with  the  double  bond/ 

If,  however,  the  double  bond  is  in  proximity  to  a  poaitiTe  groap— 
GHg  or  GH3 — as  in  crotonic  or  A^^  dihydroterephthalic  acid,  redudaa 
is  very  much  impeded. 


CH, 

JcH 

COOH 

Crotonic  acid. 


C.COOH 

HjC/Vjh 

C.COOH 

a')*  Dihydroterephtlutlie  «oid. 


whilst  fumaric  and  A^>'  dihydroterephthalic  acid  readily  tindeig» 
reduction  to  succinic  and  A'  tetrahydroterephthalic  acid 

HOOC.CH-CH.COOH     -♦ 

Fumaric  acid. 


C .  COOH 
HjC/NcH 

HjCX  ^JCH 

C^COOH 
a'>*  Dihydro  acid. 


HOOC .  OHj— CHj .  COOH 

Succinic  aetd. 

CH.COOH 
HjQ^'^H 


H2^A^    j/^ 


JH 


CH .  COOH 

A>  Tetrahydro  aoid. 


A  very  different  explanation  of  the  process  has  been  advanced  fay 
Thiele,^  which  will  be  briefly  outlined,  inasmuch  as  it  forms  tht 
basis  of  a  new  view  of  the  structure  of  benzene,  to  be  presently 
discussed.  Thiele  supposes  that  each  doubly  linked  atom,  in  addition 
to  its  ordinary  bonds,  is  provided  with  a  partial  valency,  and  it  is  bv 
means  of  this  partial  valency  that  union  with  other  atoms  is  first 
effected.  Moreover,  the  partial  valencies  of  two  adjoining  atoms  can 
unite  or  become  'conjugated',  which  causes  them  to  lose  their 
activity.  Thus,  in  a  system  containing  two  pairs  of  doubly  linked 
atoms  separated  by  a  single  bond  and  known  as  a  'conjugated'  q^em, 
the  partial  valencies  of  the  middle  pair  can  unite  and  thus  become 
inactive,  leaving  the  two  end  atoms  free  to  combine.  When  this 
occurs,  the  bonds  between  the  middle  pair  of  atoms  are  trani^MMed 
into  an  ordinary  double  bond.    The  stages  in  the  process  may  be 


1  Annakih  1899,  306,  126. 
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^presented  by  the  following  scheme,  in  which  the  dotted  lines 
indicate  the  partial  valencies : 

h — c  «=  d  a  »»  b — c  =  d  ax — b  =  c — dy 


a 


a 


Tlie  theory  explains  the  addition  of  only  two  hydrogen  atoms  and 
tlie  positions  which  they  occupy  on  reducing  such  compounds  as 
muconic,  piperic,  and  terephthalic  acid,  &c  To  return  now  to  the 
reduction  of  terephthalic  acid,  the  first  product  is  the  A^^  dihydro 
acid.  No  further  reduction  takes  place  until  a  double  bond  has  been 
displaced  towards  the  a-carbon,  a  process  which  has  already  been 
discussed  (p.  178),  and  may  be  accomplished  in  the  case  of  A^^ 
dihydroterephthalic  acid  in  two  steps,  the  first  by  boiling  with  water 
^which  gives  the  A^>^  isomer,  and  the  second  by  boiling  with  dilute 
solutions  of  caustic  alkalis  which  transforms  the  latter  into  the 
A^»*  acid. 


COOH 

I 
CH 

HC/N)H 
COOH 


COOH 


HaO 


COOH 

I 

c 


H,Cr^ 


NaOH 


CH 

I 

COOH 

ISiiMihydroterephthalie  acids. 


The  A^>^  acid  can  now  be  reduced  and  yields  A'  tetrahydro- 
terephthalic  add.  Both  the  A^>^  and  A^  acids  exist  in  stereoisomeric 
forms,  each  pair  bearing  a  similar  relation  to  one  another  as  maleic 
acid  bears  to  fumaric  acid  (p.  129). 


H     COOH 

X 


H     COOH     H     COOH 

X      X 


HOOO     H  H     COOH 

Trans.  Cis. 

a'>^  Dihydroterephthalic  acid. 


HOOC    H  H     C 


COOH 


Trans.  Cis. 

A^  Tetrabydroterephthalic  acid. 


The  action  of  caustic  alkalis  on  the  A^  acid  causes  the  double 
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bond  to  shift  to  the  A^  position,  and  the  acid,  thus  produced,  yiaUi 
hexahydioterephthalic  acid  on  reduction. 


CH.COOH 

Hjc/Njh 

HjCljc 


!H 


OH . COOH 
A*  Tetrahydro  Mid. 


C.OOOH 
H,c/\CH 

CH.COOH 

A^  Tetnhydro  add. 


CH.COOH 
CH.CXX)H 

Hexahydro  aeid. 


The  hexahydro  add  also  exists  in  stereoisomeric  forms  wbich  mij 
be  represented  by  the  following  formulae  (p.  129) : 


H     COOH 


X 


HOOC 


K 


H     COOH 

X 

H     COOH 


Trans.  Ois. 

Hexahydroterephthalio  acid. 

The  last  of  the  series  of  possible  isomers  is  derived  from  the 
aax-dibromohexahydro  acid  already  described  (p.  449^  from  iridch 
alcoholic  potash  removes  two  molecules  of  hydrogen  bromide. 

The  product  is  A^>'  dihydroterephthalic  acid. 


COOH 
CBr 

COOH 

A 

H,C 

'^MJHj 

yJCHj 
CBr 

HjCf^^CH 

H,C 

HjC/v     JCH 

c 

COOH 

COOH 

There  are  other  ways  in  which  reduction  may  be  effected,  such  as 
the  action  of  zinc  dust  and  acetic  acid  on  the  hydrogen  bromidt 
additive  compounds,  but  it  is  unnecessary  to  enter  into  further 
detail.  It  is  sufficient  for  the  present  purpose  to  indicate  the  manosr 
in  which  the  complete  series  of  reduced  terephthalic  acids  have  been 
prepared.     They  may  be  tabulated  as  follows : 
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Dihydro  acidSb 


/\    /v    /v 


\/    \/    \/    \^ 

A«t»  aS«  aM 

Cis-trans. 


A^' 


Tetrahydro  aoids.       Hezahydro 
^  -.     *      ■  ^  aoids. 

I      11 

A«  Ai 

Ois-trans. 


Cis-trans. 

Their  relation  to  one  another  is  indicated  in  the  following  table. 

Toroplithalio  aoid 


A%» 


H,0 


NaOfl 


-^  AS 


Hexahydro  aoid 


Similar  results  were  obtained  with  phthalic  and  isophthalic  acids, 
with  a  and  p  naphthoic  acids,  benzoic  acid,  &c.,  all  of  which  form 
a  series  of  hydro  acids.  Thus,  phthalic  acid,  in  accordance  with  the 
rule  by  which  the  hydrogen  attaches  itself  to  the  a-carbon,  gives  in 
the  first  place  a  A^'^  dihydro  acid,  having  the  following  structure : 

H 

^       YoOOH 

\/XK)OH 
H 


H 


This,  by  the  shifting  of  the  double  bond,  forms  the  A^^  dihydro 
acid,  the  intermediate  A^^  acid  being  probably  very  unstable.^ 

H  H 


H 


% 


/\-, 


H 


COOH 


-COOH 


V 

£kh^  Ubile.  A*f<  stable. 

^  See  G.  AbatI,  Abetr.  ChenL  Soc.,  1906, 1,  969 ;  1907, 1,  419. 
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The  latter  undergoes  reduction,  but  in  an  abnonnal  fashion,  tin 
hydrogen  probably  attaching  itself  not  to  the  a-carbons  bat  to  tfaaat 
in  positions  8  and  6  according  to  Thiele's  rule,  and  the  douUe  link 
shifts  at  the  same  time  to  the  A^  position* 


/V_C00] 


/V-<XX) 


— COOH 


H 


A't*  Dihydro  acid.  A^  Tetrahydro  acid. 

The  latter  on  boiling  with  caustic  soda  solution  may  be  concerted 
successively  into  the  A',  A^,  and  A^  acids.^ 

/V-COOH        /\— COOH      /\— COOH        /%_O0OH 


K/^ 


OH 


,(^/— COOH       k     J— COOH 


The   symmetrioally   constituted   acids   exist,   like   the*  anakgoos 

terephthalie  acids,  as  cis  and  trans  isomers. 

In  the  case  of  isophthalic  acid  great  difiSculty  is  ezperienoed  in 

effecting  reduction,  and  Baeyer  explains  this  by  the  fact  that  the 

attachment  of  the  hydrogen  to  the  a-carbons  prevents  the 

of  ethylene  linkages. 

H     COOH 


COOH 


\y 


ICOOH 


X 

V/\COOH 


or 


Nevertheless  two  tetrahydroisophthalic  acids  have  been  obtained 
by  direct  reduction',  and  also  a  hezahydro  acid  in  cis  and  tnns 
forms  \  whilst  a  dihydro  acid  and  two  other  tetrahydro  acids  have 
been  prepared  by  indirect  methods.  In  this  connection  should  also 
be  mentioned  the  important  synthesis  of  cis  and  trans  hezahydro* 
isophthalic  acid  by  Perkin,  jun./  from  di-sodium  pentane  tetim- 
carbozylic  ester  and  methylene  iodide. 

CH2  CH2 

H.c/\3Na(C00CjHa),         HjC/NqCOOCjHj), 

\  +2NaI 

H2C\.      iCHj 


H2VX        +  CH2X2 


CNa(COOC2H5)2 


ClCOOCaHg) 


2 


*  Annalm,  1890,  268,  167,  212. 

*  Perkio,  Piokles,  IVafw.  Chmn.  Soc,  1905,  87,  298,  841. 

*  Baeyer,  AnneUmf  1892,  280, 178,  195. 

*  Perkin,  Trana,  Cham.  Soc.,  1891,  69,  808. 


+  2C2HfiOH 
+  2CO2 
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The   latter    on    hydrolysis   loses    carbon  dioxide    and    gives    the 
liexahydro  acids. 

HaC/NcKCOOCisH.).  HoC/\}H .  COOH 

+  2H80  - 

-tl20v        JCXI2  ■^2^A.      X^-'^S 

C(COOC2H5)2  CH .  COOH 

This  synthesis,  as  previously  mentioned,  is  a  clear  indication  of 
the  ring  structure  of  benzene  and  its  reduction  products. 

Aliphatic  Character  of  Sycbrocyolic  Gcmpciiiidfl.  We  have 
already  perceived  the  close  analogy  which  subsists  between  the 
bydrophthalic  acids  and  the  saturated  and  unsaturated  acids  of  the 
aliphatic  series,  their  behaviour  on  bromination,  the  position  taken 
up  by  the  hydrogen  on  reduction,  the  shifting  of  the  double  bond,  &c. 
This  analogy,  may  be  extended,  for  the  double  bond  of  the  di-  and 
tetra-hydro  acids  possesses  the  imsaturated  character  of  true  ethylene 
linkages.  These  compounds  unite  readily  with  hydrogen  bromide^ 
as  weU  as  with  bromine^  and  the  hydrogen  bromide  and  bromine 
additive  compounds  lose  hydrogen  bromide  on  treatment  with 
alcoholic  potash  and  become  unsaturated.  Moreover  the  di-  and 
tetra-hydro  acids  show  the  general  behaviour  of  unsaturated  fatty 
acids  in  rapidly  decolourising  alkaline  permanganate  in  the  cold. 
The  olefinic  character  of  the  partly  reduced  acids  is  reproduced  in 
the  di-  and  tetra-hydro  benzenes  which  resemble  true  defines, 
whereas  the  saturated  ring  structures  as  represented  by  cyclohexane 
and  other  cycloparafSns  possess  the  characteristic  properties  of  the 
paraffins. 

In  marked  contrast  to  these  Compounds  stands  benzene  with 
many  of  its  substitution  products  Terephthalic  acid,  for  example, 
unlike  the  di-  and  tetra-hydro  acids,  is  neither  oxidised  by  perman- 
ganate in  the  cold  nor  combines  to  form  additive  compounds  with 
bromine  or  hydrogen  bromide.  How  is  this  difference  in  chemical 
behaviour  to  be  reconciled  with  the  presence  of  three  ethylene  link- 
ages in  benzene?  This  is  the  question  to  which  Baeyer  has  tried 
to  find  an  answer  in  the  results  of  his  research  on  the  reduction 
products  of  the  phthalic  acids.  Adopting  a  suggestion  of  Armstrong,* 
he  supposes  that  the  fourth  carbon  valency  is  directed  towards  the 
centre  of  the  benzene  ring  though  not  actually  linked  to  its  opposite 
neighbour  in  the  para  position,  as  represented  in  Glaus's  original 

'  Trans.  Ch$m.  Soc,  18S7,  51,  264  (footnote). 
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formula.  This  centric  Ixmd  is  not  a  real  but  a  potential  bond  exci^ 
a  directive  force  or  pressure  towards  the  centre  of  the  mokeiik 
The  formula  is  known  as  the  centric  formula,  and  can  be  pictoredlf 
the  following  diagram,  in  which  the  centric  bonds  appear  as  arrov^: 

CH 
HC/'1\CH 

hi 


Baeyer  does  not  regard  this  formula  as  representing  the  struciiae 
of  all  benzene  deriyativee.  For  certain  compounds,  such  as  phlcmh 
glucinoly  which  are  readily  oxidised  by  permanganate,  the  Kekok 
formula  is  retained.  '  The  benzene  nucleus,'  he  says,  '  can  exist  is 
two  forms  which  can  be  regarded  as  tautomeric  in  the  sense  tfait 
a  definite  structxure  is  attached  to  each  individual  derivative.'^  Tk 
centric  formula  enables  the  reduction  of  the  phthalic  acids  to  be 
represented  by  a  simple  mechanical  device.  Thus,  the  first  tvo 
hydrogen  atoms  attach  themselves  to  the  two  a-carbons,  and  thenbr 
remove  two  centric  bonds  in  the  para  position.  The  result  is  tlie 
linking  up  of  the  remaining  two  pair  of  bonds  forming  true  ethyleof 
linkages. 


COOH 

\  / 
/  \ 

I 
tlOOH 


H    COOH 

A 


X 


H    COOH 


H    COOH 


H    COOH 


Baeyer  nevertheless  recognizes  that  the  Kekuld  formula  is  capaUe 
of  expressing  equally  well  the  formation  of  A^^  dihydroterejdithalie 
acid ;  for  the  behaviour  of  muconic  acid  on  reduction  furmshes  id 
exactiy  parallel  case  with  that  of  the  attachment  of  the  two  hydrogen 
atoms  to  the  a-carbons  in  terephthalic  acid  and  the  conseqaent 
shifting  of  the  double  bond. 


^  Annaieny  1892,  260,  188. 
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COOH 

I 
C 


HC/\CH 


H 


C 

I 


COOH 
Terephthftlio  acid. 

COOH 

I 
OH 

HOvJcH 
CH 

COOH  COOH 

Dihydromuconic  acid.    Dihydroterephthalic  acid. 

Baeyer  ^  in  fact  admitted  that  the  structure  of  benzene  derivatives 
could  not  be  determined  by  their  behaviour  on  reduction.  He 
therefore  turned  to  the  reverse  process — the  oxidation  of  the  hydro 
acids — and  sought  for  evidences  of  structure  in  the  behaviour  of  these 
compounds.  It  must  be  confessed  that  the  results  of  this  inquiry 
appear  incomplete  and  unconvincing.  Baeyer  perceives  in  the  fact 
that  the  A^»*,  A*»*,  and  A*»*  dihydrophthalic  acids  give  benzoic 
acid  on  Qxidation, 


H. 


H, 


/v 


\/ 


A'.6 


(X  -  COOH) 


X 


whilst  the  A^*^  acid  gives  phthalic  acid,  a  shock  (Erschtltterung)  to 
the  a-carbon  in  the  three  former  cases,  which  causes  it  to  lose 
carbon  dioxide,  this  effect  being  associated  with  the  change  from 
ethylene  to  centric  linkages  thus: 


^  Afinalen,  1892,  269,  178. 


460 


THE  BENZENE  THEORY 


H,c/\C .  COOH 


H. 


<\/3. 


COOH 


CH 
HO<f' \c .  COOH 


A*.* 


H0lr,V3.|O00|H 

OH 
Benzoie  aeid. 

The  formation  of  benzoic  acid  from  the  A**'  dihydro  aeid,  in  yrboA 
oxidation  does  not  directly  affect  the  a-carbons,  is  accounted  for  bf 
the  carbons  in  the  para  position  to  the  a-carbons  being  involved  ii 
the  change,  whereas  oxidation  of  the  AM  acid  neither  directly  nor 
indirectly  touches  the  a-carbona 

CHj  CH  CH 

fJ^N^.COOH     _  fi^^.COOH         /Jyp.COOH 


)C .  COOH 
CH, 


IIJC.COOH 
CH 


I  Nk) .  COOH 


AS 


l.« 


Phthalio  acid. 


BrUhl,'  in  a  careful  examination  of  this  theory,  asks  why  aoij 
one  molecule  instead  of  two  molecules  of  carbon  dioxide  is  removsd 
from  the  A^'  acid,  and  (he  also  might  have  added)  from  the  A*^' 
dihydro  add,  both  of  which  are  symmetrical  structures. 

It  might  be  urged  in  favour  of  Kekul^'s  formula  that,  of  the  two 
possible  phthalic  acids,  only  the  first  is  stable. 


/ScOOH 

i 


f'AcOOH 


OOH 


X/"—  <^yCOOH 

This  would  be  formed  by  the  oxidation  of  the  A^**  dihydro  Add, 
whilst  the  second  should  appear  when  the  A^'  acid  is  oxidised.  Tht 
loss  of  carbon  dioxide,  in  the  second  case  might  be  attributed  to  the 
shock  attending  the  rearrangement  of  double  linkages ;  but  as  A^ 
dihydroterephthalic  acid  yields  terephthalic  acid  on  oxidation,  when 
likewise  a  change  in  the  double  bonds  must  be  assumed  to  oecur, 
this  argument  is  untenable. 

COOH  COOH 

COOH  .    COOH 

A\*  Dihydroterephthalic  acid.      Terephthalic  acid. 
>  Joum.  prakL  Oiem.^  1894  {2),  40,  229. 
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IBrtlhl  in  his  criticism  has  sought  to  explain  the  different  chemical 
behaviour  of  the  dihydro  acids  on  the  very  simple  basis  of  their 
difierence  of  stability,  and  such  a  view  has  the  advantage  of  being 
independent  of  any  structural  hypothesis.  At  the  same  time  he 
apparently  fails  to  perceive  that  by  avoiding  any  reference  to 
structure  as  affecting  stability  he  is  'begging  the  question ^^ 


Sridenca  of  Physical  Propertiefl.  The  data  afforded  by  the 
^v^ues  of  the  melting-points  and  solubilities  of  phthalic  acid  and  its 
anhydride  appear  to  be  the  mean  of  those  calculated  by  Baeyer^  for 
tlie  two  formulae : 


/"^COOH 


/Vjooh 


V^^OOH 


>Y/COOH 

and  have  been  used  as  evidence  in  favour  of  the  centric  formula ; 
but  v^hen  it  is  considered  that  the  calculated  constants  are  derived 
jErom  the  somewhat  artificial  analogies  instituted  between  the 
isomeric  di-,  tetra-,  and  hexa-hydro  acids,  and  that,  in  addition,  we  are 
profoundly  ignorant  of  any  connection  between  these  physical  con- 
stants and  structure,  the  evidence  cannot  be  regarded  as  entirely 
trustworthy.    Of  greater  interest  are  the  optical  and  thermo-chemical 


^  Harokwald,  Armalen,  1808,  374,  881 ;  1894,  279,  14,  sees  in  the  different 
behaviour  of  amino-naphthalenes  and  amino-quinolines,.  when  submitted  to  the 
reactions  of  Skraup  and  Doebner-Miller,  a  conHrmatiofi  of  Kekul^'s  hypothesis  ; 
for  according  to  the  Erlenmeyer  formula  for  naphthalene  and  the  K5rner 
formula  for  quinoline  (see  p.  551)  the  positions  1 . 2  and  8.4  are  different  from 
2  •  8,  whilst  in  the  centric  formula  they  are  equivalent. 


With  an  amino  group  in  position  1  or  2  the  attachment  of  a  pyridine  group  by 
ihe  above  reactions  never  produces  a  compound  of  the  symmetrical  type  (I) 
but  always  of  the  unsymmetrical  type  (II). 


N 


/\ 


N 


/vV 


II 


>  Jnnakn,  1892,  260,  186. 
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constants  of  benzene  and  its  derivatives.  From  determinations  of  tb 
molecular  refraction  and  dispersion  of  benzene  and  di-,  tetra-,  ad 
heza^hydrobenzene,  BrtthI  has  arrived  at  the  conclusion  that  thn 
double  linkages  are  present  in  benzene,  since  diallyl,  hexylene,  ani 
hexane  show  a  corresponding  increment  for  each  double  bond.  Hm 
following  table  is  taken  from  BrOhl's  paper.^ 


MoLJS^. 

Density 
d20/4 

R^raetive 
Index 

MeLVel 
0*20° 

n«-l 

(ii«+2)d 

/n^-i\jr 

W+2/7 

^a 

L 

Benzene 

0.8799 

1.4967 

88.65 

0.8824 

25-98 

26-1^ 

Dihydrobenzene 

0.8478 

1.4699 

9486 

0.8291 

26.88 

26^1 

Tetrahydrobenzene 

0.8102 

1.4485 

101.21 

0.8277 

26.87 

27.01 

Hezahydrobenzene 

0.790 

1426 

107.2 

0.8255 

27.56 

27.66* 

Dipropargyl 

0.8049 

1.4402 

96.91 

a8278 

25.57 

25^74 

DUllyl 

0.6880 

1.8981 

119.18 

0.8509 

28.77 

28-96 

Hezylene 

0.6825 

18989 

128.08 

0.8606 

29.45 

29.61 

Hexane 

06608 

18784 

180.25 

0.8454 

29.70 

2»81 

In  order  to  institute  a  comparison  between  the  aliphatic  asi 
aromatic  series  we  may  either  take  differences  between  cRiocessm 
or  between  corresponding  members  of  each  series. 


Mj) 

A 

.88 
.50 
65 

Diallyl 

Hexylene 

Hexane 

ifx) 

A 

Benzene 
Dihydrobenzene 
Tetrahydrobenzene 
Hezahydrobenzene 

26.18 
264(1 
27.01 
27.66 

28.96 
29.61 
29^1 

65 
.28 

Diallyl 
Dihydrobenzene 


Hezylene 
Tetrahydrobenzene 


Hezane 
Hezahydrobenzene 


2.45 


2.60 


2.28 


>  J.  prakt,  Chem,,  1894  (2),  49,  250.  . 

>  Hie  value  for  hezahydrobenzene  represents  the  mean  of  those  calcnlattl 
from  three  independent  sets  of  data  which  fluctuate  between  27.91  and  2741. 
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|In  examining  the  figures  in  the  first  of  the  above  taUes,  it  is  clear 
it  the  dififerenoes  among  members  of  the  same  series  are  very 
for  the  molecular  refractions  are  made  up  of  two  opposed 
)r8,  namely,  the  index  of  refraction  which  forms  a  decreasing 
and  the  molecular  weights  which  form  an  increasing  series 
^m  the  less  to  the  more  hydrogenated  compounds.  When,  in 
lition  to  this^  it  is  considered  that  the  difference  between  the 
Lum  and  maximum  value  calculated  for  hexahydrobenzene 
rly  covers  the  whole  difference  between  tetra-  and  hexa-hydro- 
me,  the  significance  of  these  figures  becomes  very  small.  The 
lirger  differences  between  the  molecular  refractions  of  members  of 
tbe  corresponding  series  is  clearly  due  to  ring  formation.  Very 
litfle  reliance  can  therefore  be  placed  on  the  direct  evidence  which 
molecular  refractions  afford  of  three  double  linkages  in  benzene.  On 
khe  other  hand,  it  seems  clear  that  there  is  no  sudden  change  of 
Btmcture  between  benzene  and  its  reduction  products,  such  as  occurs 
between  hexane  and  hexahydrobenzene,  or  between  dipropargyl  with 
3b  two  treble  linkages,  and  diallyl  with  its  pair  of  double  bonds. 

From  the  results  of  molecular  volume  determinations  Schiff^ 
eoncluded  that  benzene  contains  nine  single  carbon  linkages;  but 
this  view  was  subsequently  opposed  by  Lessen  and  Zander,'  and 
by  Horstmann,'  who  gave  their  verdict  in  favour  of  Kektd6*s 
formula  from  the  results  of  a  much  more  complete  series  of  observa- 
tions. The  conclusions  derived  from  thermo-chemical  data  are  very 
conflicting.  Thomson's*  determinations  of  the  heats  of  combustion 
led  him  at  first  to  conclude  that  benzene  contains  nine  single  bonds, 
a  view  which  was  also  shared  by  Horstmann,*  but  he  afterwards 
transferred  his  adherence  to  Eekul6's  formula.  Stohmann,  on  the 
other  hand,  from  the  evidence  of  a  much  more  comprehensive  series 
of  observations,  arrived  at  Thomsen's  original  conclusion  that  '  three 
equivalent  double  bonds  cannot  be  present  in  the  benzene  nucleus. 
The  bonds  are  most  firmly  attached  in  benzene  itself,  and  more 
loosely  in  the  di-  and  tetra-hydro  compounds,  reaching  again  a  high 
degree  of  stability  in  hexahydrobenzene  which  is,  however,  unequal 
to  that  of  the  original  nucleus.'  The  following  are  the  constants  for 
the  heats  of  combustion  of  benzene  and  its  reduction  products 
obtained  by  Stohmann  and  Langbein : ' 

1  AnmUn,  1888,  880,  808. 
'  AmuUen,  1884,  826,  109. 

•  Ber.,  1887,  20,  766. 

*  Ber.j  1880, 18,  1806 ;  Thermoelmu  Uniersuch.,  1886,  vol.  iv. 

•  Ber.,  1888,  81,  2211. 

*  J.  pnAL  Omu,  1898  (2),  48,  447. 
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CaL        A 

Benzene  779.8  ^^  o 

Dihydrobenzene  848-0  ??'^ 

Tetrahydrobenzene  892.0  ^t' q 

Hexahydrobenzene  938-2  ti'^ 

Hexane  991-2  ^"" 

The  differences  correspond  closely  with  those  of  ierephthalie  acU 
and  its  reduction  products.^ 

A 

Terephthalic  acid  ^  g^on  n^i 
Dihydro  acid  >  ^'l  ^^* 

Tetrahydro  acid  ^  Jrt  " 
Hexahydro  acid  C  S  "2  " 
Sebacio  acid  ■^  ^'^    » 

It  seems  not  improbable,  therefore,  that  benzene  and  terephihalie 
acid  are  similarly  constituted. 

As  the  heat  of  combustion  of  H2  is  69  Cal.,  it  follows  that  during 
the  graduated  reduction  of  benzene  *  the  formation  of  dihydrobenaeoi 
utilizes  almost  the  whole  of  the  energy  of  the  hydrogen  molecule ;  in 
the  second  stage  of  reduction  there  is  an  excess  of  energy  amoontiD^ 
to  26  Gal.  in  the  initial  system,  and  in  the  third  an  excess  of 
27*8  Gal.y  whereas  in  the  final  stage,  where  the  benzene  nucbus 
is  dissolved,  the  energy  of  the  initial  system  only  amounts  to 
11  Cal.' 

From  this  Stohmann  concludes  that  the  'jump'  between  the  fiist 
and  second  terms  of  the  series  compared  with  the  two  following,  as 
well  as  between  the  fourth  and  fifth,  indicates  a  fundamental 
difference  of  structure  between  benzene  and  its  di-  and  tetra-hydri^ 
derivatives,  and  also  between  tetrahydro-  and  hexahydio-benzene, 
which  led  him,  as  we  have  seen,  to  reject  the  Kekul6  formula.  Theo^ 
conclusions  have  been  contested  by  BrOhl,*  who  adopts  an  entirdj 
different  attitude  in  the  interpretation  of  Stohmann's  results.  Eft 
shows  from  Stohmann's  own  observations  that  substantial  difiTer^ftceft 
in  heats  of  combustion  are  frequently  found  among  isomeric  and 
even  stereoisomeric  compounds,  and  that  these  effects  niiainly  dep&ii 
on  the  stability  of  the  compounds  in  question.  The  unequal  ^Uffer^ 
ences  observed  in  the  heats  of  combustion  of  the  different  states 
of  hydrogenation  of  benzene  depend  on  the  stability  of  the  indi- 
vidual compounds.  When  a  body  passes  from  a  lees  to  a  man 
stable  condition  it  loses  heat  energy,  and,  according  to  BrOH 
the  differences  obtained  by  Stohmann  are  fully  accounted  for  by 
the  greater  stability  of  benzene  and  hexahydrobenzene,  compaied 

^  The  isomeric  di-  and  tetra-hydro  acids  differ  slightly  among  themaelTea. 
'  J.  prakt.  Chem,,  1894  (2),  49,  260. 
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with  that  of  the  intermediate  eompounds.  This  stability  of  the 
benzene  molecule  is  attributed  to  the  symmetry  of  the  Eekuld 
formula.  The  argument  might  be  applied  with  equal  force  to  the 
diagonal  formula  which  is  even  more  symmetrical. 

In  conclusion  it  must  be  admitted  that  the  evidence  of  physical 
properties  has  thrown  little  new  light  on  the  benzene  problem.^ 

Space  Fonnulaa  for  Bansene.  Whatever  view  has  been  taken 
of  the  structure  of  benzene,  it  has  sooner  or  later  found  expression 
in  a  space  formula.  Representing  the  carbon  atoms  by  tetrahedra, 
Kekul§'s  formula  will  assume  the  following  form : 


Fig.  82.  KekuU's  spaoe  formula.' 

It  will  be  noticed  that  the  hydrogen  atoms  lie  in  the  same  plane 
with  the  carbon  atoms,  and  consequently,  however  dissimilar  the 
groups  replacing  hydrogen  may  be,  no  asymmetric  molecule  can 
be  formed.  Also,  the  breaking  of  a  double  bond  by  reduction 
obviously  involves  two  carbon  atoms. 

In  Baeyer's  space  formula'  the  tetrahedra  are  arranged  in  a 
compact  ring,  each  with  a  face  on  the  same  horizontal  plane,  and 
with  the  hydrogen  linkages  pointing  upwards,  so  that  the  hydrogen 
atoms  lie  in  a  parallel  plane  with  the  carbon  atoms. 

'  A  recent  study  of  the  magnetic  rotation  of  hezatriene  by  Perkin,  sen., 
appears  to  confirm  the  Kekuld  formula.     Trans.  Cftrnn.  Soc,  1907,  91,  806. 
*  This  and  the  following  figures  are  taken  from  Graebe,  Bar.,  1008,  36,  526. 
'  AwuOm^  1888,  246,  ISi;  see  also  Erlenmeyer,  jun.,  AnfiaUn,  1901,  816,  57. 
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Fxo.  88.     Baeyer's  sfMMse  formaU. 

A  aimilar  arrangement  to  Baeyer's  has  been  suggested  by  Ihnh* 
Vaubelf'  and  others. 


Fio.  84.    VauberB  space  formula. 

In  this  formula  the  tetrahedra  are  arranged  alternately  abo^ve  aai 
below  the  middle  phine  so  that  three  hydrogen  atoms  lie  in  one  plaaa 
three  in  another,  and  the  six  carbon  atoms  occupy  two  parallel  pluHS 
between  them.  In  both  Baeyer's  and  Yaubel's  spaee  fonnolM, 
hydrogenation  does  not  necessarily  inyoWe  more  than  one  cailMa 
atom  at  a  time. 

Another  space  formula  of  a  very  different  type  has  been  proposed 
by  Sachse.'  It  is  formed  by  cutting  away  two  parallel  faces  of  as 
octahedron  and  superposing  tetrahedra  on  the  remaining  six  faeofr 


Fio.  86.    Saehse's  space  formula. 

>  PfUL  Mag.,  1888,  26,  426. 

'  J.  prakU  (9kcm.,  1891|  44,  187  ;  1894,  49,  808 ;  50,  58. 

'  Bw,,  1888,  21,  2580 ;  1800,  23,  1868. 
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The  model  is  easily  made  by  cutting  a  piece  of  thin  card  of  the 
following  shape  (Fig.  36),  nicking  it  and  bending  it  over  where  the 
dotted  lines  are  drawn,  and  fastening  the  ends,  when  it  will  form 
An  octahedron  with  two  parallel  faces  missing. 


Fio.  86. 

The  tetrahedra  are  made  in  a  similar  way  by  cutting  out  an 
l)6nding  pieces  of  the  following  shape  (Fig.  37). 

A 


Fio.  87. 

Each  of  the  tetrahedra  should  be  placed  on  one  of  the  six  faces 
4}f  the  octahedron,  which  will  assume  the  form  shown  in  Fig.  35, 
but  each  tetrahedron  should  be  fastened  only  by  an  edge  (with 
gummed  paper)  to  the  left-hand  vertical  edge  of  the  face  so  as  to 
enable  the  process  of  hydrogenation  to  be  realized.  In  Sachse's 
model  the  hydrogen  atoms  lie  in  two  parallel  planes,  whilst  the 
^carbon  atoms  occupy  a  parallel  plane  between  them.  Also,  the 
hydrogenation  of  one  carbon  atom  does  not  necessarily  involve  that 
-of  a  second  carbon  atom. 

Sachse  proposed  the  formula  with  the  object  of  representing  the 
most  stable,  compact,  and  symmetrical  grouping  of  six  tetrahedra, 
and  it  has  received  the  support  of  Brtthl '  and  of  Thiele.* 

On  the  theory  of  conjugated  systems  of  double  bonds,  to  which 
reference  has  already  been  made  (p.  462),  Thiele'  has  pointed  out 
that  benzene  represents  a  twofold  conjugated  system.  Supposing 
that  each  carbon  atom  of  benzene  possesses  a  partial  valency,  and 
that,  as  previously  explained,  adjoining  partial  valencies  neutralize 
one  another  or  become  conjugated,  the  result  will  be  equivalent  to 
A  potential  double  link  between  each  pair  of  carbon  atoms. 

CH  CH 

HC  ,/^lDB.  HC/NCH 


HC 


CH 


CH 


>  J.  prakL  OtenUf  1894  (2),  49,  286 ;  Z^U.  jOiys.  Chan.,  1898, 11,  214. 

>  Annaten,  1901,  819,  186.  *  Annaitn,  1899,  806, 125. 
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Saeh  an  arnmgement  wiU,  aoooiding  to  Thide,  explain  the  slahildf 
of  benzene,  its  difference  from  ordinaiy  olefinic  compoonds  vift 
three  double  bonds^  and,  more  especially,  its  behavionr  on  redncticB; 
for  if  hydrogen  is  added  in  the  ortho  or  para  positiona,  as  in  tfe 
redaction  of  phthalic  or  terepbthalic  acid,  the  coi^ogated  doabk 
bond  is  transformed  into  an  ordinary  olefinic  linkage. 

X     H 


V 


4  i>H 


The  first  acquires  four  partial  valencies,  and  can  consequently  unite 
with  four  atoms  of  bromine,  whilst  the  second  is  endowed  with  tw» 
and  can  therefore  only  form  a  dibromo-deriTatiYe,  whioh,  ma  Tkdtk 
points  out,  is  in  complete  agreement  with  Baeyer^s  ob8ervatioBi> 
Various  other  arguments  are  brought  forward  in  support  of  thii 
formula  for  which  the  original  paper  must  be  consulted. 

Thiele  adopts  Sachse*s  formula  as  the  effective  space  representatioB 
of  his  view  of  the  structure  of  benzene.  When  examined  it  will  be 
observed  that  each  carbon  atom  is  linked  by  two  pairs  of  bonds  to  ife 
neighbours  and  by  one  to  hydrogen.  Each  carbon  is  apparenfij 
provided  with  five  bonds ;  but  as  two  pairs  are  conjugated  they  aie 
to  be  regarded,  it  is  presumed,  like  centric  valencies,  that  is,  as 
modified  in  character. 

It  is  not  our  intention  to  disciiss  the  arguments  for  and  againrf 
each  of  the  above  space  formulae ;  but  it  may  be  observed  that  ainr 
formula  to  be  satisfactory  must  represent  in  a  simple  fashion  tW 
symmetry  of  the  molecule,  the  process  of  hydrogenation,  the  anhy- 
dride formation  of  ortho  compounds  and  the  relation  to  naphthakee 
and  other  multinuclear  hydrocarbons.  These  points  have  hem 
discussed  in  detail  by  Graebe,^  who  finds  that  Kekul^'s  formuli 
is  the  only  one  which  meets  the  many  demands  made  upon  it 
It  may  be  stated  also  that,  with  the  single  exception  of  Kekiik*i 
formula^  there  is  one  inherent  defect  in  all.  Unless  the  carbon  and 
hydrogen  atoms  lie  in  the  same  plane,  the  replacement  of  twfr 
hydrogen  atoms  by  different  groups  in  the  ortho  or  meta  positioa 
leads  at  once  to  asymmetry  and  to  the  possibility  of  optical 
enantiomorphs.  It  has  already  been  pointed  out  in  connection  wiUi 
Ladenburg's  formula  (p.   446)  that  neither  among    artificial  nor 

>  Bn-.^  1902,  86,  626. 


SPACE  FORMULAE  FOB  BENZENE       469 

natural   products   have    substituted    benzene   derivatives    of   this 
charaeter  been  observed. 

In  reviewing  the  more  important  evidence  which  has  been 
aocimiuhited  on  the  subject  of  the  benzene  formula  there  seems  to 
be  no  statical  representation  which  ezphiins  so  large  a  number  of 
facts  as  KekuU's  formula.  When  it  has  been  proved  that  simple 
benzene  derivatives  can  exist  in  optically  active  forms  it  will  be  time 
to  reconsider  the  position. 

Bynamio  Forunlae  for  B«niMie.  At  a  very  early  period  in 
the  history  of  the  benzene  formula,  SLekuld  put  forward  a  dynamic 
bjrpotheeis  to  explain  the  equivalence  of  the  two  ortho  positions 
(p.  447).  This  was  followed  by  Knorr's  oscillation  formula,  in  which 
only  the  hydrogen  atom  was  assumed  to  oscillate  between  each  pair 
of  carbon  atoms.  Knorr^s  view,  which  bears  a  close  resemblance 
to  Laar's  theory  of  tautomerism,  was  the  direct  consequence  of  the 
observation  establishing  the  identity  of  methyl  pyrazole  obtained 
from  two  different  phenylmethyl  pyrazoles,  and  has  already  been 
discussed  (p.  186).  In  1897  a  new  dynamic  formula  was  proposed 
by  Collie,^  in  which  the  carbon  groups  as  a  whole  are  supposed  to 
rotate  as  well  as  change  their  relative  positions.  Without  a  model 
it  is  impossible  to  describe  the  evolutions  of  this  mobile  system ; 
but  it  is  claimed  that  it  represents  in  turn  the  Kekul^  and  centric 
arrangement  as  phases  of  the  one  formula.  Latterly,  the  study  of 
the  absorption  bands  in  the  ultra-violet  region  of  the  spectrum  has 
led  to  views  on  the  dynamical  condition  of  benzene,  which  promise 
a  very  interesting  development.  According  to  Hartley,'  six,  or 
according  to  Baly  and  Collie,'  seven,  distinct  absorption  bands  are 
produced  by  benzene.  These  bands  are  accounted  for  by  synchronous 
oscillations  of  the  molecule,  in  much  the  same  way  as  a  tuning-fork 
vibrates  in  response  to  a  note  of  definite  pitch.  The  nature  of  these 
molecular  vibrations  are,  however,  differently  interpreted  by  the  two 
observers.  Hartley  stpposes  the  carbons  to  be  rotating  and  alter- 
nately passing  through  a  double  and  single  (or  centric)  link  phase. 
If  the  passage  from  single  to  double  linking  produces  a  band,  the 
first  phase  which  involves  the  making  of  three  double  links  will  pro- 
duce three  bands  and  the  second  phase  another  three  bands,  making 
six  together,  though  it  is  not  obvious  why  the  same  recurrent  process 
should  produce  six  sets  of  oscillation  frequencies.  Baly  and  Collie 
take  a  different  view.     The  oscillations  are  connected  with  djrnamic 

1  Trans.  Chem.  Soc.,  1897,  71,  1018.  '  Trans.  Chem.  Soe,,  1906,  87,  1822. 

'  Trans.  Chsm.  8oc.,  1905,  87,  1882. 
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change  inrolrad  in  the  malring  and  bnaking  of  the  Hnks  Iwiliiw 
one  or  more  pairs  of  earbon  atoms. 

NoWy  it  is  poosible  to  piodoee  from  the  six  earbon  atomsy  eooati- 
tuting  benxene,  seren  eombinations  of  one,  two^  and  three  pain  of 
earbonatomSb  If  making  and  breaking  of  links oeeurs between  tksK 
paim,  it  will  set  up  vibrations  in  the  bensene  ring  which  eoi-xmspatd 
to  the  seren  abeoiption  bands,  and  these  vibrations  are  eoittpaied 
with  an  expanding  and  contracting  elastic  ring.^ 


JH«  BmuHthtorUf  hj  W.  ICarokwald.  Alliens'  FoiMpe,  1897,  3,  1.  Sake. 
Siattgari. 

Ltkffmek  dtr  mrgoMmiitn  Ch&mi»^  by  E.  Erlemneyer,  toL  ii,  Introduelioii  by 
Riehard  Meyer.    Leipzig,  1882. 

Likrbuch  der  oryanifdktfn  (^emUf  by  V.  Meyer  and  P.  Jaoobeon,  toL  ii»  p.  41. 
Yeit,  Leipzig,  1902. 

Rite  and  Jkvelopmeni  of  Organic  C/iemt«fry,  by  C.  Sehorlemmer,  edited  br 
A.  Bmithells.    Maemillan,  1894. 

^  Tran$.  Chem,  Soc.,  1906,  88,  524. 


CHAPTER  Xm 

THE  TERPENES  AND  CAMPHORS 

Vh%  TairpMiM.  The  terpenes  are  hydrooftrbons  of  the  formula 
GjoHi^f  which  are  found  widely  distributed  and  in  considerable 
quantities  in  the  esamlidl  oUs  of  plants.  They  occur  in  different 
parts  of  the  plant,  sometimes  singly,  sometimes  two  or  more  together, 
and  very  frequently  associated  with  sesquiterpenes  C15H24,  and  with 
closely  allied  compounds  containing  oxygen,  such  as  ihymcA  and 
earvone,  CiqHuO,  cmeot^  fenchone^  thujoney  and  canijpftar,  CioHioO, 
terpineol  and  lomeoly  OioHxgO,  menthol^  G10H20O,  &c.  A  more  com* 
plete  account  of  these  oils  is  given  in  the  section  on  natural  and 
artificial  perfumes  (p.  529). 

The  terpenes  have  been  the  subject  of  careful  and  elaborate 
investigation  during  the  last  twenty  years,  chiefly  at  the  hands  of 
Prof.  Wallach,  who  has  devoted  himself  with  signal  success  to 
unravelling  the  tangled  web  of  £acts  scattered  through  the  literature 
of  the  subject^  and  to  developing  methods  of  identifying  the  members 
of  this  large  fiunily  of  isomeric  compounds.  He  has,  moreover, 
traoed  the  relations  which  subsist  between  them,  and  brought  our 
knowledge  to  a  point  at  which  the  di£3cult  problems  of  structure 
jxuff  be  considered  to  be  within  measurable  distance  of  solution. 

Vrop«rti6S  of  th«  T«rpenes.  More  than  a  dozen  distinct  com- 
pounds of  the  formula  C^oHxe  &re  at  present  known  ;  among  which 
are  d-  and  hUmonene  and  the  racemic  form  of  dipentene^  ietpmoleney 
terpinene  and  pheUandrenef  d^loesireney  and  its  inactive  form,  car- 
vestrene,  d4irinenef  A-lrcampheney  lomykne^  fencheney  and  ihiujme. 
With  the  exception  of  terpinolene,  fenchene,  bomylene,  carvestrene, 
and  thujene,  they  are  found  in  nature.  Camphene  and  bomylene  are 
solids  at  the  ordinary  temperatures,  but  the  remainder  are  liquids 
which  distil  unchang^  at  temperatures  varying  from  156^  to  185^ 
They  have  a  high  specific  refraction  (146-147)  and  a  low  specific 
gravity  (0*84-0^6). 

They  appear  to  be  all  cyclic  compounds  standing  midway  as  to 
properties  between  benzene  hydrocarbons  and  the  defines.  On  the 
one  hand  they  form  additive  compounds  with  the  halogens,  halide 
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BciiBj  nitrosyl  chloride,  nitrogen  trioxide,  and  tetroxide,  &c.,  and,  oa 
the  other,  they  are  convertible  into  jHsymene,  and  in  a  few  cases  inb 
m-cymene.  By  exhaustive  bromination  and  subsequent  reduetioi 
witti  zinc  and  hydrochloric  acid,  or  sodium  and  alcohol,  aocording  to 
the  method  of  Baeyer  and  Villiger/  limonene  has  been  converted 
into  i^cymene  and  sylvestrene  into  m-cymene. 

p    IT        2HBr     n    IT    Br      ^^^^     C,  TT    Br      Sn+HCl 

OjoHisBr    Na+Aitr.    CjoHi4 


OlMMdftoation  of  the  Terpenea.  In  accordance  with  our  pteKnt 
knowledge  of  their  structure,  which  is  partly  derived  from  ttieir 
optical  characters,  activity,  molecular  refraction  and  magnetic  rota- 
tion, but  mainly  from  their  chemical  behaviour,  the  texpenea  are 
separated  into  a  mono-cydic  and  a  bi-cydic  group.  The  first  group 
may  be  regarded  as  dihydro-derivatives  of  jp-  and  m-cymene,  G10H14, 
or,  what  is  synonymous,  as  unsaturated  derivatives  of  hezahydro- 
cymene  or  menthane,  CiqHso*  For  purposes  of  nomenclature  the 
latter  view  is  adopted,  and  the  members  of  the  group  are  deecribed 
as  menthadieneSf  that  is,  menthane  with  two  double  linkages^  The 
position  of  these  linkages  is  indicated  in  the  usual  way  (aee  p.  450)l 
by  the  use  of  A  in  conjunction  with  the  numbered  position  of  the  tea 
carbon  atoms. 


c- 


<^> 


a 


\/\ 


C*— Cio 


9C 


P 


It  will  be  at  once  perceived  how  very  large  a  number  of  possiUe 
menthadienes  can  be  derived  from  these  two  skeleton  structures. 
To  take  the  case  of  |>*menthadiene,  there  are  fourteen  isomers  whieh 
may  be  represented  for  brevity  by  the  following  formulae. 

>  Ber.,  1898,  31,  liOl,  2067 
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I  I 


NX      \/ 
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/\  /\  ^ 


\y    \^    \/ 
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II  I 


^1.5  ^1*4. (P)«      Al.«.(P) 


II 


(2  geom.  isomers). 


\/        \/        \/         \/ 

I  II  I  I 


II 
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II  I 


^s.l.(7>       A''*-W       A*'»'W        A''^'<'')      A*"**W     A^'(^)**-('>    A**(^) •••(•) 

(2  geom*  isomers). 

*  The  bracketed  numbers  indicate  the  second  carbon  attachment  of  the 
double  bond  outside  the  nucleus. 

Compounds  of  ibis  class  are  naturally  able  to  combine  with  two 
molecules  of  halogen,  halide  acid,  &c.  Thus,  limonene  forms  a 
drhydrobromide,  CjoHio .  2HBr,  with  hydrogen  bromide,  and 
a  tetrabromide,  GioHi^Br^,  with  bromine.  The  second  group  of 
bi-cyclic  compoimds  can,  on  the  other  hand,  only  unite  with  one 
molecule  of  halogen  and  halide  acid,  and,  for  this  and  other  reasons 
to  be  presently  discussed,  they  are  assumed  to  have  a  bridged-ring 
structure.  Three  bridged  rings  are  now  recognized  as  the  basis  of 
the  second  group,  and  the  corresponding  saturated  hydrocarbons, 
CioH^s,  are  known  respectively  as  caranCf  pinane^  and  can^hane. 


CH3 

CH 


CHj 

I 
CH 


H,C 


H,C 


OH|.C.C'H)| 

CH 

Carane. 


CH 


H^C 


CH 

Plnane. 


CH, 


CH 

Camphane. 


It  follows  that  the  terpenes  derived  from  them  will  contain  one 
double  bond  only,  and  may  be  described  as  carene^  pinene,  and  cam- 
phene.  The  position  of  the  double  bond  will  be  discussed  in  the 
sequel.  It  is  clear,  however,  that  the  opportunities  for  isomerism 
are  more  restricted  than  in  the  case  of  the  menthadienee.    With 
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this  brief  account  of  the  system  of  claasilication  and  nomeDdaiba^ 
we  will  pass  at  once  to  the  study  of  the  properties  and  atmetait  i 
the  indiyidual  terpenes,  beginning  with  the  simpler  class  of  xaeaoA^ 
diene& 

MONaCYCLIC  TERPENES  (MENTHADIENES). 

d^FUmonane  (lUpantane).  2>-  and  Mimonene  and  the  raeenk 
form  of  dipentene  are  among  the  most  widely  distributed  ck- 
stituents  of  essential  oils.  They  possess  the  characteristic  snidl 
of  lemon.  The  ({-compound  is  found  in  oil  of  lemons,  neroli  (fnm 
orange  flowers),  orange  (from  the  rind),  bergamot,  limette,  eaiswir, 
diU,  &c. 

The  I-compound  is  less  common  and  is  a  constituent  of  pine-needk 
oil  from  Abies  (Ma,  Russian  and  American  spearmint  oil,  Amarien 
peppermint  oil,  &c.,  whilst  the  inactive  dipentene  is  found  in  jtm- 
needle  oil,  citronella  oil,  oil  of  cubebs,  &c.    It  is  also  foxmsd  Ij 
mixing  the  two  active  limonenes,  or  by  racemising  them  sin^  tf 
a  high  temperature.    Many  other  terpenes  yield  dipentene  on  eoa* 
tinned  heating,  a  fact  which  may  explain  its  presence  in  the  prodoeti 
of  the  dry  distillation  of  rosin  and  caoutchouc.    Another  iniensiini 
source  of  dipentene  is  pinene,  the  chief  constituent  of  ordinaiy 
American  turpentine  oil,  from  which  it  may  be  obtained  directly  hj 
the  action  of  alcoholic  sulphuric  acid  or,  indirectly,  by  the  akl  d 
moist  hydrogen  chloride,  which  transforms  pinene  into  the  dihydn- 
chloride  of  dipentene,  CioHie .  2HC1.      The  explanation  of  the* 
changes  will  be  discussed  under  pinene  (p.  492).    Dipentene  can  abi 
be  obtained  from  the  closely  allied  substances  terpineol  (m.  p.  85^aiij 
cineolf  which  are  described  later.     Dipentene  is  usually  sepanted 
and  purified  by  conversion  into  the  crystalline  dihydrochloride  (bj 
passing  gaseous  hydrogen  chloride  into  the  liquid),  from  which  iii»; 
terpene  is  regenerated  by  boiling  the  hydrochloride  with  anhydross 
sodium  acetate  dissolved  in  acetic  acid.    This  method  cannot  ht 
applied  to  the  limonenes,  for  they  are  racemised  in  the  prooesb 
Pure  limonene  is  purified  by  conversion  into  the  crystalline  tet» 
bromide,  CxoHioBr4,  from  which  it  is  liberated  by  reduction  with  sine 
dust  and  alcohol.  I-Limonene  can  also  be  obtained  from  active  dihydie- 
carveol  by  thexanthic  ester  method  of  Tschugaeff,  which  is  described 
later  (p.  604).    Highly  characteristic  of  dipentene  and  the  ^^"*imiw 
are  the  compounds  with  nitrosyl  chloride.     They  are  ctystaDiiit 
substances  of  the  formula  CioHieNOCl,  which  are  best  obtained  by 
adding  amyl  nitrite  dissolved  in  glacial  acetic  acid  to  the  taqnnt 
and  acidifying  with  strong  hydrochloric  acid.    As  the  addxtmi  of 
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K^itroeyl  chloride  introduces  a  new  asymmetric  carbon  into  the 
molecule,  as  will  presently  appear,  it  is  scarcely  surprising  that  each 
of  the  Umonenes,  as  well  as  dipentene,  should  yield  two  products, 
ct*  and  P'  nitrosochlorides.  By  the  action  of  aniline  on  each  of  the 
Bix  compounds  a  different  nitrolanilide  is  obtained. 

CioHieNOCl  +  HgN .  G^U^  «  CaoHjeNO .  NH .  Q^H^  +  HCl 

Limonene  nitrosoehloride.  Limonene  nitrolanilide. 

The  Op  and  )?•  d-nitrosochlorides  will  be  enantiomorphic  with  the 
a-  and  ^-2-nitrosochlorides,  so  that  by,  mixing  equivalents  of  d-  and 
2-  a-nitiosochloride  and  d-  and  {-  /3-nitrosochloride,  the  two  dipentene 
compounds  are  obtained.  The  same  is  of  course  true  of  the 
nitrolanilides. 

/-Limonene  tf-Limonene 

i/  \  j^  \ 

a-Nitro8oohloride       /3-Kitrosoehloride       a-Nitrosochloride       ^-Nitrosochloride 

\  \  ^  \ 

a-Nitrolanilide  iS-Nitrolanilide  a-Nitrolanilide  /3-Nitrolanilide 

m.  p.  118"  m.  p.  158"  tn,  p.  118°  m.  p.  158" 

!  J  =  ="  i  ' 

a-Dipentene  nitrolanilide  iS-Dlpentene  nitrolanilide 

m.  p.  126"  m.  p.  149" 

In  addition  to  a  nitrosochloride  compound,  dipentene  forms  a 
nitrosatei  OiqHigNO  .  ONO2,  by  the  combined  action  of  nitric  acid, 
amylnitrite,  and  acetic  acid. 

Sir utf  lure  of  Zimonene  (Dipentene).  In  attempting  to  ascertain 
the  constitution  of  these  compounds  it  will  be  necessaiy  in  the  first 
place  to  describe  certain  other  substances  to  which  they  are  related. 

The  chief  interest  centres  round  the  structure  of  caryone  and 
terpineoL  Both  compounds  are  found  in  nature  accompanying  the 
terpenee,  and  Both  are  closely  related  to  dipentene,  the  limonenes, 
and  terpinolene. 

Carvone^  OiJELifi^  formerly  known  as  carvol,  is  found  as  the 
d'ioTm  in  dill  and  caraway  oil,  and  as  the  {-modification  in  spearmint 
and  kuromoji  oil,  and  possesses  the  characteristic  smell  of  caraway 
oil.  It  is  isolated  and  purified  by  conversion  into  a  curious 
erystalline  compound  which  it  forms  with  hydrogen  sulphide, 
(CioH|40)tH2S. 

It  is  a  ketone  and  forms  a  carvoxime,  CioHi^tNOH,  which 
Ooldschmidt  and  ZUrrer^  found  to  be  identical  with  the  nitroso- 

^  B9r.,  1886^  18,  2220. 
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limonene  obtained  by  Tilden  and  Shenstone '  by  the  action  of  alcohoie 
potaah  on  the  nitrosochloride, 

CioHicNOa  «  C10H15NO  +  HCL 
Now  carvone  is  easily  converted  by  heating  with  phosphoric  aai 
and  with  certain  other  reagents  into  the  isomeric  carvaerol,  the  8in^ 
ture  of  which  is  known.     It  is  a  hydroxy  jp-cymene  of  the  fonnnh: 


C.OH 


We  may  therefore  assume  that  in  this  reaction  an  iaomedc 
change  occurs  in  caryone,  whereby  a  hydrogen  atom  from  sonv 
other  part  of  the  molecule  attaches  itself  to  the  oxygen  of  the  ketone 
group  situated  in  the  nucleus.  If  this  is  the  case  carvone  iriD 
contain  two  double  bonds,  an  assumption  which  is  borne  out  by  its 
behaviour.  Carvone  behaves  like  an  a^  unsaturated  ketone^  for 
with  a  mild  reducing  agent,  such  as  zinc  dust  and  alcohol,  it  takes  up 
a  molecule  of  hydrogen  and  passes  into  diJ^drocarvone ;  with  a 
stronger  reducing  agent,  such  as  sodium  and  alcohol^  the  ketone 
group  is  also  reduced  and  the  secondary  alcohol,  dih^drocarveoli  is 
formed,  from  which  dihydrocarvone  may  be  regenerated  by  oxidatioiL 
Both  dihydrocarveol  and  dihydrocarvone  are  still  unsaturated,  tv 
they  combine  with  a  molecule  of  hydrogen  bromide,  and  furthv 
I'eduction  converts  them  into  tetrahydrooaroeol  (carvomenthol),  whid 
is  a  saturated  secondary  alcohol,  yielding  the  ketone,  ieirah^in' 
carvone,  on  oxidation.  Having  established  the  unsaturated  nature  of 
carvone,  the  next  problem  is  to  ascertain  the  positions  of  the  tvo 
pairs  of  double  bonds,  for  these  have  a  special  interest^  seeing  thil 
they  are  probably  common  to  both  carvone  and  limonene.  TV 
problem  has  been  approached  by  attempting  to  locate  the  positiaiiof 
each  double  bond  separately,  dihydrocarveol,  which  only  contaiBS 
one  double  bond,  being  first  selected  for  the  purpose. 

It  is  well  known  that  unsaturated  compounds  are  readily  oxidised 
by  permanganate  solution,  the  first  stage  being  the  addition  of  tiro 

^  Tram,  Chem.  Soc,,  1877,31,554. 
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liydroxyl  groups  to  the  doubly  linked  carbon  atoms,  which  is  then 
followed  by  the  rupture  of  the  compound  at  the  original  double  bond. 

TChe  action  of  permanganate  solution  upon  dihydrocarveol  has 
l>eeii  carefully  studied  by  Wallach,^  and  also  by  Tiemann  and 
Senunler.'  Two  hydrozyls  are  first  introduced  and  a  trihydroxy- 
liexahydroc3^ene  (menthanetriol)  is  obtained.  Chromic  acid  converts 
the  latter  into  a  ketone  alcohol  of  the  formula  CgHigO^,  which  on 
ojudation  with  sodium  hypobromite  yields  an  acid,  CyHijCOH).  COOH, 
and  this  in  turn,  on  being  oxidised  with  bromine,  gives  m-hydroxy- 
l>-toluic  acid,  C^HeCOH) .  COOH. 

The  simple  explanation  of  these  changes  is  based  by  Tiemann 
on  the  assumption  of  a  double  bond  in  the  isopropyl  side-chain. 


CM .  CM3 
H,c/\3H(0H) 


CH .  CH, 


H 


2 


dvJCHj 

CH 

I 

c 

/\ 

CH3  CH2 

DUiydrocarreol. 


Hs(V^.CH(OH) 
Hjcljo] 


H, 

CH 

I 
C.OH 

CH3  CHj .  OH 

Trihydroxjrhexahydro- 
oymene. 

CH  •  CHa 
HjC/\cH .  OH 


CH .  CH, 

H8<y^\0H.OH 

CH 
I 
CO 

I 

CH3 

Ketone  alcohol. 


C .  Cxi^ 

HCi^^C.OH 


H 


jdvJCHj 


HO 


CH 


CH 
I 
COOH 

Hezahydro  hydroxy-toluic 
acid. 


c 

I 

COOH 

Hydrozy-toluic  acid. 


If  this  view  is  correct  the  double  bond  in  carvone  and  limonene 
is  established.  The  position  of  the  second  double  bond  has  been 
ascertained  by  reference  to  the  structure  of  terpineol  (m.  p.  85^), 
which  in  turn  is  derived  from  that  of  terpin  CioHig(OH)2. 

Terpm  is  the  alcohol  corresponding  to  dipentene  dihydrobromide, 
for  it  can  be  obtained  from  the  latter  by  the  action  of  silver  acetate 
and  subsequent  hydrolysis,  or  it  may  be  converted  by  the  reverse 
process  into  dipentene  dihydrobromide  with  hydrogen  bromide. 
Terpin  is  usually  prepared  by  the  action  of  strong  nitric  acid  on  an 
alcoholic  solution  of  turpentine  from  which  it  crystallizes  as  the 


>  Annaien,  1898,  275,  110. 


*  Ber,,  1896,  28,  2141. 
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hydrate  GioHig(OH)2 .  HjO,  and  the  method  is  mterestiiig  at  i 
affordB  a  coimeoting  link  beheeen  the  two  terpenea,  dipentena  aal 
pinene.  Terpin  exists  in  two  stereoisomerio  modifioa.tiona  BsasMi 
tnms  terpin  (p.  127).  Although  neither  form  of  terpin  has  bo  £ar  ben 
found  in  nature,  both  are  readily  converted  by  dehydrmting  agaafe 
into  two  well*known  natural  products  which  accompany  the  terpeaes 
in  many  of  the  essential  oils,  namely,  cineol  and  terpineol  (m.  p.  SS^l 
which  are  isomeric  compounds  of  the  formula  CioHigO. 

Cknedl  has  no  real  connection  with  the  problem  under  diaeuanflB, 
but  by  virtue  of  its  interest  as  a  natural  product  it  merits  a  ah«t 
description.  As  already  stated,  it  is  a  common  constituent  of  maaj 
essential  oils  and  is  specially  abundant  in  eucalyptus,  c^init,  and 
wormseed  oil  (oleum  cinae).  It  is  a  liquid  with  a  characteristie 
camphor-like  smell  and  boils  at  177^  As  it  poooooooo  neiOiflr 
alcoholic  nor  ketonic  properties  and  is  closely  related  to  tarpin,  it 
is  regarded  as  an  inner  ether  of  that  compound.  Its  struetorB 
therefore  depends  upon  that  of  terpin,  which  is  the  subject  of  tiie 
present  inquiry,  and  may  be  provisionally  represented  as  follows: 

CH3 

I 
C- 


H,C/^CH 


H2CX     iCHg .  O 
CH 


C 


CH3    CH3 

Cineol. 

Terpineol  (m.  p.  35^)  is  one  of  a  numerous  clsss  of  unsaturated 
alcohols  of  the  formula  C10H17OH,  known  generally  as  terpineols  or 
menthenols.  It  occurs  in  nature  in  active  and  inactive  forms.  The 
dextro  form  is  found  in  lovage  oil,  cardamom,  and  marjoram  oil;  the 
laevo  form  in  niaouli  oil,  and  the  inactive  form  in  cajeput  oil 
It  is  conveniently  prepared  by  shaking  terpin  hydrate  with  dilute 
sulphuric  acid  and  separating  the  solid  terpineol  from  the  liquid 
products  by  freezing.  It  contains  one  tertiary  alcohol  group  and 
one  double  bond,  for  it  forms  a  phenylurethane  with  phen^ 
'carbimide  CjoHi^.O.  CONHCeH^,  and  unites  with  one  mokeok 
of  nitrosylchloride  and  of  bromine.  The  hydrozyl  group  wiU 
probably  occupy  the  same  position  as  one  of  the  terpin  fay« 
4lrozyls  and  therefore  the  same  position  as  one   of   the  halogsn 
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atoms  in  dipentene  dibydrobromide.     As  in  the  case  of  dihydro- 

carveol,  the  action  of  permanganate  has  led  to  very  interesting 

iults,  for  which  we  are  indebted  to  Wallach.^    The  first  product 

a  nearly  quantitative   yield    of  a  trihydroxyhexahydrocymene 

(xxienthane  triol),  which  is,  however,  not  identical  with  that  from 

dihydroearveol  (see  p.  477),  for  on  wanning  with  dilute  sulphuric 

Acid  it  is  decomposed  into  cymene  and  carvenone,  while  the  other 

is   not. 

C10H20O3 — :3H20  «=  CioH]4 

Cymene. 

^lo^ixfiz — 2H2O  =  CioHj^O 

Garvenone. 

These  changes  will  be  discussed  later  (see  p«  488).  On  further 
oxidation  of  the  trihydroxy  compound  with  chromic  acid,  it  is 
converted  successively  into  homoterpenylic  acid  and  into<  terpenylic 
acid,  the  structure  of  which  is  known  through  Lawrence*s  synthesis.' 
i^dopting  Wagner's  formula  for  terpineol,  the  results  are  explained 
by  Wallach  in  a  very  simple  fashion  as  follows : 


CH3 

I 
C 

HoC/NcH 


^a' 


Hjd 


C.OH 


ca 


CH 
C.OH 

CH3  CH3 
Terpineol. 


a 


CH 

I 
CO 

'^    CO. OH 


CS3  Glij 

Trihydroxy-hezahydro 
cymene. 

CHj 

I 


C.OH 

CHj  CH3 

IntermedUte 
product. 


H 


CO 
,c/    COO 

A 


HjQ,,^JCH2 

CH 

I 
C 

OH3  CH3 

Mefchyl  ketone  of 
Homoterpenylic  acid. 


COOH 
ILfi/    jCOO 

jjCl      JOHj 
CH 


H 


I 
C 


>  Annakn,  1898,  277,  UO. 


CH3  CH3 
Terpenylic  acid. 

^  Trans,  Chenu  Soc^  1899,  76,  627. 
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It  follows  that  as  terpin  is  a  bi-tertiary  alcohol,  its  relation 
terpineol  on  the  one  hand  and  dipentene  dihydrobromide  on  I 
other  must  be  represented  as  follows: 


Terpineol.  Terpin.  Dipentene 

dihydrobmnide. 


The  existence  of  a  ct5  and  trans  terpin  (p.  478),  and  of  correspond- 
ing dihydrobromides  of  dipentene,  accords  well  with  these  formulae; 
but  the  structure  of  dipentene  itself  is  stiU  ambiguous,  as  the  two 
molecules  of  hydrogen  bromide  may  be  removed  from  the  hydro- 
bromide  in  various  ways.  Now  it  has  been  shown  that^  as  tiie 
oxime  of  carvone  is  identical  with  nitrosoUmonene,  the  doable  bonds 
of  carvone  are  probably  identical  in  position  with  those  of  limonsna 
The  position  of  one  of  these  double  bonds  is  fixed  beyond  qoestioB 
by  the  structure  of  dihydrocarveol ;  the  other  is  probably  present  in 
terpineol.  The  final  evidence  must  rest  on  the  relation  of  teipined 
to  carvone,  and  this  has  been  furnished  by  converting  terpineol  into 
carvone,  and  vice  versa.  Wallach  ^  was  the  first  to  convert  terpineol 
into  carvone  by  the  following  rather  lengthy  process:  terpineol 
forms  a  dibromide  CioH^YBrs .  OH,  and  this  on  standing  with  hydro- 
bromic  acid  loses  hydroxyl,  which  is  replaced  by  bromine  forming 
a  tribromide  (1.2.  8-tribromomenthane)  of  the  formula  CioHj^Bti. 
Warmed  with  sodium  methylate,  carveol  methyl  ether  is  produced, 
C10H25.  OCH3,  two  molecules  of  hydrogen  bromide  being  removed 
and  the  third  bromine  atom  replaced  by  methoxyl.  This  compound 
gives  carvone  oxidation : 

^  Annalmf  1894,  381,  liO. 
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CBr .  GH3 
HBr 


O.OH 

/\ 
CHj  CH, 

TeipineoL 
C.CH 


8 


CH 

I 
CBr 

CH3  CH3 

1 .  S .  8-Tribromo* 
menthane. 

O*  CM3 


H.OCH, 


CH3  CHg 
Garreol  methyl  ether.  Garyone.~ 

A  simpler  method,  also  devised  by  Wallach  for  effecting  the  same 
result,  is  to  conyert  terpineol  into  the  nitrosochloride  and  by  remov- 
ing  hydrogen  chloride  to  obtain  the  corresponding  oxime,  and  finally, 
by  boiling  with  acids,  inactive  carvone.^ 

C  •  CM3  CCl  •  CM3 

H,c/\CH  HjC/Nj  :  NOH 


Terpineol. 
C.CH 


<:!:NOH 


s 


C.OH 
oCbHj 

Texpineol  nitroeoohloride. 

C.CH, 


L3  CM3  CS3  CSg 

Oxlme  of  the  Garrone. 

hydroxyketone. 

*  AnnaUn,  18d8,  277, 120. 
Zl 


482       MONO-CYCLIC  TESPENES  (HEin^HADIENEB) 


On  doaer  obeerration  it  vnH  be  seen  that  neither  method  mkH 
it  quite  clear  that  the  double  bond  lies  in  the  nadeos,  and  ait 
between  the  methyl  group  and  the  nucleus.    Eyen  the  oxidaiian  d 
oanrone  to  terpenylio  acid,  which  has  also  been  effeeted,^  does  Kit   i 
remoTe  such  a  possibility. 


HOOQ       iCO— , 


H,a 


JCH, 


CH 
I 
C- 


HOOG       p>-j 

HjOv     JCHg 

CH 

I 


HO.CHj  CH, 
Hydroxyterpenyllo  aeid. 


CHjCH, 

Terpenylic  meid. 


Assuming,  however,  the  structiue  of  oanrone  to  be  that  gitcs 
above,  the  formula  for  limonene  and  dipentene  naturally  follows* 

C.CHa  C.CH3  CICCH, 

HC/NCO  HC/\3:N0H  HgC/NcrNOH 


Ji2(X     JCHj 

CH 

I 
C 

/\ 

CH2    CH3 

Carrone. 


CH 

I 
O 


<^, 


CH, 

Limoneae 
niiroaoehloridew 


[,CH, 

Limonene. 

If  any  real  doubt  existed  as  to  the  correctness  of  the  fomiQla,  it 
has  now  been  to  a  great  extent  removed  by  the  synthesis  of  terpn, 
terpineol,  and  dipentene,  by  W.  H.  Perkin,  jun.* 

1  Best,  Sir.,  1894,  27, 1218 ;  Wallach,  Bw.,  1894,  27, 149K. 
*  Trims.  CkiOk  8oq.,  1904,  85;  CM. 
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Perkin's  synthesis  is  effected  in  the  following  manner.     The 
itarting-point  is  8-ketohexahydrobenzoic  acid.^ 

>CH2 .  CH2 

do  NCH.COOH 

CHg*  CI12 

Its  ester  reacts  readily  with  magnesiam  methyl  iodide,  and  the 
product  on  hydrolysis  yields  8-hydroxyhexahydro^toluic  acid. 

CH3  — ^ 


.C(OHX^      *"       ^NCH-COOH 


GS2  •  GSi^ 

This  hydroxy  acid  dissolves  readily  in  fuming  hydrohromic  acid, 
and  the  solution  soon  deposits  crystals  of  S-bromohezahydro^toluic 
acid,  from  which,  on  treatment  with  weak  alkalis  or  pyiidincy  A^ 
tetrahydro-i>>toluic  acid  is  obtained. 


<CH .  CHjK 
\CH .  COOH 
CS2 1 CH2 


The  ester  of  this  acid,  when  acted  on  with  magnesium  methyl 
iodide,  gives  terpineol  (see  p.  491).  The  latter  is  transformed  on 
the  one  hand  into  dipentene  by  the  action  of  potassium  hydrogen 
sulphate,  and  on  the  other  into  terpin  hydrate  by  shaking  with 
dilute  sulphuric  acid. 

The  structure  of  dipentene  being  thus  satisfactorily  settled,  its 
formation  from  terpin,  terpineol  and  cineol  by  dehydrating  agents 
is  readily  imderstood  without  further  explanation.  But  dipentene 
is  not  the  only  product  of  these  reactions,  for  two  other  terpenes 
make  their  appearance  at  the  same  time,  namely,  teipinolene  and 
terpinene. 

Serplnolene.  Terpinolene  is  one  of  the  artificial  and  inactive 
terpenes,  which  was  found  by  WaUach  among  the  products  obtained 
by  the  inversion  of  pinene  by  means  of  alcoholic  sulphuric  acid. 
It  can  also  be  prepared,  as  already  stated,  from  terpin,  terpineol,  or 
cineol,  by  boiling  with  dilute  sulphuric  or  phosphoric  acid.  Terpinene 
is  usually  found  to  accompany  terpinolene,  and,  where  sulphuric  acid 
is  used,  cymene  is  also  produced.  The  best  method  for  obtaining 
it  is  by  the  action  of  oxalic  acid  on  terpineol  (ffi.p.  85%  Since 
the  elements  of  water  may  be  eliminated  from  the  two  adjacent 

1  TranB.  Ch$m,  8oe.,  1904,  85,  188,  418. 
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carbon  atoms  of  terpineol  in  two  ways,  one  of  which  yields  dipenteM 
the  other  derivative  will  probably  represent  terpinoleneu  i 

C  •  CI13  C  •  CH3 

CH  <JH 

I  I 

C.OH  C  C 

/\  y\  ^ 

CII3  GH3  Cxi3  CHj  CH3  OS3 

Terpineol.  Dipentene.  Terpinolene. 

This  line  of  argument  would  not  in  itself  carry  much  wei^ 
a  similar  reaction  yielding  terpinene,  had  not  independent  evidera 
been  forthcoming  in  support  of  the  above  constitution.  Terpinokoi 
has  been  obtained  by  Baeyer  ^  from  dipentene  tribromide,  CioHirBri. 
the  latter  being  obtained  by  brominating  dipentene  dihydrobromidft 
If  the  tribromide  is  treated  with  zinc  dust  and  acetic  acid,  two  atoitt 
of  bromine  are  removed  and  the  third  replaced  by  hydroxy-acetri 
forming  terpineol  acetate,  Cj^o^it^*  ^^^^^s*  ^^^  ^^^  ^^  distillatiot 
with  quinoline  yields  acetic  acid  and  terpinolene,  or,  on  hydroljsii^ 
gives  a  new  terpineol  (m.  p.  70°), 

CioHifO  •  COCH3  =  C1OH10  +  CjH^Og 

Terpinolene. 

CioH„0 .  COCH3  +  HjO  «  CioH„ .  OH  +  C^H^O, 

TerpineoL 

The  evidence  upon  which  the  structure  of  terpineol  acetate  resti 
is  the  formation  of  a  blue  crystalline  nitrosochloride,  which  is  indi^ 
tinguishable  in  appearance  from  the  nitroBochloride  of  tetramethjl- 
ethylene  prepared  by  Thiele.' 

C.CH3 

H,0ACH 


CH3V   /CHj  HjCL  ^CHg 

C  C 

II  I 

C  0 

/\  /\ 

CH3  CH3  CH3  CH3 

Tetramethyi*  Terpindene. 
ethylene. 

Baeyer  concluded  that  both  compounds  possess  a  similar  structm* 

^  Ber.,  1894,  27,  iiSf  816.  *  JBer.,  1894,  S7,  455. 
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The  TsriouB  steps  in  the  preparation  of  terpinolene  firom  dipentene 
lihydrobromide  will  then  be  expressed  as  follows : 

CHa-CBr  CHj .  0 . 0 .  COCH3  C.CH, 


/Nc 


/£[« 


CBr 


I 


H5,c/\cHj 

II 

c 


CBr 

/\  ^      .  ^      , 

CH3  CH3  CH3  CH3  CHs  CH3 

Dipentene  txibromide  Terpineol  acetate  Terpinolene 

(1.4.8  Tribromomenthane).  ( A«  •  (•>  Menthenol  (1)).  (A*  • « •  Ci)  Menthadiene). 


(m.i 


HjCX     JCH2 

II 

c 


Terpinene  is  formedy  as  already  stated,  from  terpin 
hydrate,  terpineol  and  cineol,  and  substances  such  as  pinene  and 
dipentene,  which  are  easily  converted  into  terpin  hydrate  by  means 
of  sulphuric  acid ;  but  it  is  most  readily  obtained  by  shaking  turpen- 
tine oil  (pinene)  with  small  successive  quantities  of  strong  sulphuric 
acid.  So  far  its  occurrence  in  nature  seems  very  restricted,  for  it 
has  been  found  in  few  of  the  essential  oils.  Its  presence  in  carda- 
mom oil  was  first  noticed  by  Weber,  who  identified  it  by  means  of 
the  crystalline  nitrosite,  OioHi^NsOs,  which  it  gives  with  nitrous 
acid,  and  which  is  characteristic  both  of  terpinene  and  phellandrene. 
Few  other  of  its  additive  compounds  are  crystalline,  and  no  definite 
products  have  been  obtained  by  oxidation. 

For  the  present,  therefore,  its  structure  remains  undetermined, 
but  it  is  probable  that  the  simultaneous  formation  of  terpinolene 
from  terpineol  may  indicate  a  shifting  of  the  double  bond  of  terpino- 
lene from  the  side-chain  to  the  nucleus,  and  such  a  structure  would 
at  least  explain  its  optical  inactivity. 


C.CH 
H^c/NCH 


3 


a 


C.  CM3 


'■V 


CH 
C.OH 

CH3    CH3 


^ffX.    JCH2 

c 

II 

c 


CiH«  c 


■^3  CHj 

ghellanilrme.  Phellandrene,  like  terpinene,  forms  a  crystalline 
nitrosite,  and  in  this  form  it  was  first  isolated  by  Cahours^  in  1842. 
It  has  since  been  found  in  two  active  modifications^  the  d-compound 

»  Aimakn,  1842,  41,  74. 
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occurring  in  bitter-  and  water^fennel  oil  {Phdlandrium  agua&aali 
and  elemi  oil,  and  the  ^^ompotind  in  Australian  eucalypiua  oil  si 
pine-needle  oil.  It  is  very  sensitiye  to  acids,  and  with  wleakak 
sulphuric  acid  is  converted  into  terpinene. 

In  the  year  1904  Wallach  ^  published  a  rery  complete  invostip- 
tion  on  the  nature  of  phellandrene,  and  pointed  out  that  in  additis 
to  ordinary  or  a-phellandrene  a  second  or  ^-phellandrene  is  prBBot 
in  water-fennel  oiL  The  first  was  shown  to  have  the  sixueturfr  d 
A^*^  dihydrocymene  (I)  by  the  conversion  of  nitrophellandrae 
into  active  menthenone  (carvotanaoetone),  whilst  ^-phellaDdran 
which  formed  the  subject  of  a  subsequent  investigation  by  WaQacK' 
was  shown  to  possess  the  formula  II : 


C.  Cxi  J 
HC/NCH 


H, 


V 


CH 


CH 

CH(CH3)8 
I 


C:CH, 

HjoMJcH 


CH 

CHCCH,), 
II 


Harries  and  Johnson '  confirmed  the  formula  given  to  a-pheUtih 
drene  by  the  reverse  process  to  that  employed  by  Wallach,  namelr, 
by  converting  J-menthenone  into  phellandrene  as  follows:  men- 
thenone is  first  treated  with  phosphorus  pentachloride,  and  the 
resulting  chloride  converted  into  chlorophellandrene  by  boiling  with 
quinoline.  The  chlorophellandrene,  on  reduction  with  zine  dust  in 
methyl  alcohol,  yields  a-phellandrene.  Another  and  better  method 
is  to  reduce  menthenoneoxime  to  A^  menthenamine,  and  to  distil 
the  product  under  diminished  pressure  with  phosphoric  acid. 

C .  CH3  C  •  0^3    ^ 

HC/\C0  HCS^^^^iNOH 

H 


ii 


!H(CHJ, 
C*  CH3 

HoC\      yCHa 


CH(CHJ, 

C«  CH3 

hc/Njh 

HjC^^    JOH 
CH 

CH(CH,), 


*■  Afu/uJai,  1904,  886,  9.         *  Jbmaltn,  1905,  840,  1.         *  Ber.,  1906,  38,  ISSi 
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CJarvestrena  aad  Sylvestrttne.    The  only  menthadienes  of  the 
rrxeta-Beries  are  carrestrene,  the  inaotive,  and  sylvestrene,  the  active 


Sylvestrene  was  first  discoyered  in  1877  by  Atterberg  in  Swedish 
bx&xpentine  (from  Pinus  sylvestris),  which  is  still  the  principal  source 
odF  the  compound,  although  it  has  since  been  found  in  dwarf  pine  oil 
(from  Onus  mantana)  and  pine  tar  oil.    It  is  purified  by  separating  it 
from  the  crystalline  dihydrochloride  by  boiling  with  aniline,  and  is 
&  curiously  stable  substance,  retaining  its  optical  activity  (it  is  dextro- 
rotatory) at  a  temperature  of  250^,  and  undergoing  little  change  by 
-tlie  action  of  alcoholic  sulphuric  add.    Both  carvestrene  and  sylyes- 
^rene  give  a  characteristic  deep  blue  colour  on  the  addition  of  a  drop 
o£  strong  sulphuric  acid  to  the  terpene  dissolved  in  aoetic  anhydride, 
a  property  which  is  not  shared  by  any  other  terpene. 

The  conversion  of  sylvestrene  intom-cymene  (see  p.  472)  and  its 
evident  relation  to  carvestrene  point  to  a  common  structure  for  both 
compounds.  This  structure  will  now  be  considered  in  the  case  of 
carvestrene. 

Carvestrene  is  an  artificial  compound,  which  was  obtained  by 
Saeyer^  by  distilling  vestrylamine  hydrochloride. 

CioH^NHa .  HOI  =  NH^Cl  +  CioHie 
The  formation  of  this  base  involves  a  series  of  complex  changes 
i^hich  take  us  back  to  dihydrocarvone  (p.  476),  which,  it  may  be 
remembered,  is  the  first  reduction  product  of  carvone. 

OH*  CSg 


CH. 


K^ 


Dihydrocarvone. 
This  substance  readily  forms  a  hydrobromide  from  which  methyl 
alcoholic  potash  removes  a  molecule  of  hydrogen  bromide ;  but  with 
the  production  of  an  entirely  new  compound,  namely,  a  saturated 
bicyclic  ketone^  to  which  the  name  of  cartme  has  been  given. 

GS .  GM^  C£L  •  CSj 

HgC/>|00  Hj 


yv/Hg  HgOw      iOH 

m .  CBr(CH8)j  H0-\l(CH8), 

Dihydrocarvone  hydrobromide.  Garone. 

>  B«r.,  1894,  27, 1915,  8485;  1896,  20, 2796. 
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Garone  has  a  smell  of  eamphor  and  peppenmni^  and  is  opikalr 
aeiiye  in  the  sense  corresponding  to  the  two  canrones  firom  irhieh  i 
may  be  prepared.  The  structure  of  carone  is  not  a  mere  snnniA 
but  depends  on  the  formation  of  oaronic  acid  by  oxidation;  for  ik 
same  acid  has  been  obtained  synthetically  by  Parkin,  jvn«,  and 
Thorpe^^  who  haye  identified  it  as  dimethylcyclopropane  dioBb- 
ozylic  add. 

CH.CJH3 


HOOC 


Carone. 


CSaronio  aoid. 


The  existence  of  such  an  acid  clearly  points  to  a  trimethykne 
ring  in  carone.  An  additional  proof  of  its  structure  is  its  convonios 
on  heating  into  carvenone.  Carvenone  is  an  unsaturated  ketone. 
which  is  also  obtained  by  the  isomeric  change  of  dihydrocarvone  <« 
boiling  with  acids  (p.  178). 


CH.CHg 


CH.caais 


CH.CH, 


H,( 


Carone, 


8 


Carvenone. 


Having  settled  the  structure  of  carone>  the  subsequent  changes 
are  readily  explained. 

Carone  forms  an  oxime  which  is  reduced  to  carylamineu  If  the 
alcoholic  solution  of  carylamine  is  saturated  with  hydrogen  chloride 
gaSy  the  unsaturated  base,  vestrylamine,  is  formed,  from  the  hydio- 
chloride  of  which  carvestrene  is  generated. 


CH.  CM3 
H.NHj 

•CH, 

Carylamine. 


CH.CH, 
HgC/NcH.NH, 


HjCX     JCH. 
CH, 


Veatrylamine. 


*  2Vafu.  Cftmi.  Sbe.,  1899,  76,  48. 
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-c 


2 


Carvestrene, 


Oarvestrene  has  been  recently  synthesized  by  Perkin,  jun.,  and 
TattersalP  as  follows:  fii-hydroxybenzoio  acid  is  first  reduced  to 
the  hexabydro  deriyatiTe  and  sosequently  oxidized  to  cydohexanone* 
8-carboxyIic  add. 

CH^  >CH.COjH 

Methyl  and  hydroxyl  are  then  introduced  by  Orignard's  method  in 
place  of  the  ketonic  oxygen,  hydroxyl  is  replaced  by  bromine,  and 
hydrogen  bromide  is  then  removed. 


CH 
I 


8 


CH, 


C=OHv 
>CH .  CO^H 
a.CHj/ 


The  tetrahydro-m-toluic  acid  thus  formed  is  converted  into  the  ester, 
and  the  subsequent  stages  are  the  same  as  those  described  under  the 
synthesis  of  i?-menthadiene  from  tetrahydro:2)-toluic  ester  on  p.  491. 

The  action  of  methyl  alcoholic  potash  on  carvone  hydrobromide 
gives  rise  to  the  unsaturated  ketone,  euearvone^  C10H14O.*  The  fact 
is  referred  to  as  it  illustrates  in  a  graphic  manner  the  remarkable 
reactivity  of  these  cyclic  structures,  which  reaches  perhaps  its  cul- 
minating point  in  the  case  of  camphor.  Eucarvone  is  probably  a 
seven-ring  complex,  in  the  formation  of  which  caronene  probably 
plays  the  part  of  an  intermediate  product. 

C.CHa  CCHj 

JO  Hc/Nco 


Caronene. 
Intermediate  prodnot. 


.CBr.(CHa), 
Canrone  hydrobromide. 


Euoanrone. 


*  TVoMt.  Chim.  Soc,  1907,  01,  480. 

*  Baeyer,  Ber.^  1894^  27, 811 ;  1898, 39, 8;  Wallaoh  and  KChler,  ^nnaran,  1906, 
880,94. 
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The  existence  of  a  seyen-ring  system  is  baaed  upon  the  ozidatioii  i 
tetrahydroeucaryone  to  j3-dimethyladipic  add. 

Synthetio  Terpenea.  We  will  conclude  our  account  of  the  mono- 
cyclic terpenes  by  a  short  reference  to  the  various  attempts  yAoA 
have  been  made  to  obtain  these  compounds  synthetically.  It  is  ii^ 
that  several  artificial  terpenes  have  been  described,  but  some  of  thsa 
can  scarcely  be  considered  as  products  of  constructive  syiithesis»  socing 
that  the  materials  have  been  drawn  firom  natural  sources.  The  fii^ 
complete  and  successful  synthesis  was  accomplished  by  Bae3rer'  as 
follows :  succino  succinic  ester  was  treated  with  one  equivalent  of 
sodium  ethoxide  and  one  equivalent  of  isopropyl  iodide,  wher^ 
a  mono-isopropyl  derivative  was  obtained.  The  process  was  repeated, 
using,  however,  one  equivalent  of  methyl  iodide.  This  yields 
a  methyl  isopropyl  derivative,  which  is  then  heated  with  sulphuiie 
acid.  Hydrolysis  occurs,  and  at  the  same  time  carbon  dioxide  t& 
evolved  with  the  formation  of  methyl  isopropyldiketocycloliexiii& 
The  ketone  was  reduced  to  the  alcohol,  the  hydroxyls  replaced  l^^ 
bromine  by  treatment  with  strong  hydrobromic  acid,  and,  finally, 
the  product  heated  with  quinoline,  which  removes  two  molecules  of 
hydrogen  bromide.  In  this  way  a  i^menthadiene  was  produced, 
which,  ^though  closely  resembling,  was  not  identical  with  terpinena 
The  various  changes  described  above  may  be  represented  as  follows: 

H     COOB  Na    COOB  CH.  COOK 

C  C 

HjC/NcO 
0(\ybHa 

C3H7  COOB 


V 


Na    COOB 


CH| 


H,C/\C0 


CH.CH, 


H.c/\C!H .  OH 


OCL     JCHj 
GH  •  C3IIY 


OjHj  COOR 

CH.CH, 
HjQ^^NjHBt 


HO .  HCLJCHj  BrHOvJCH, 

CS .  C^Mf  GH  •  C3H7 

CioHigBrj  «  CxoHiQ  +  2HBr 

The  structure  of  the  terpene  in  question  will  obviously  depoid 
upon  the  manner  in  which  the  two  molecules  of  hydrogen  bromide 
are  detached. 

1  B«r.,  1898,  26,  232. 
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The  successful  syntheses  of  dipentene  and  canrestrene  by  Perkin, 
jun.,  have  already  been  referred  to.  The  same  author  and  his  colla* 
lM>xatorS)^  by  a  slight  variation  of  the  method,  have  succeeded  in 
preparing  artificially  ortho-,  meta-  and  para-terpenes  (menthadienes), 
terpineols  (menthenols),  and  the  allied  menthanols  and  menthanes, 
of  which  the  following  single  illustration  must  sufSce.  The  starting- 
point  ia  the  ester  of  tetrahydrotoluic  acid,  which  is  obtained  by 
removing  hydrogen  bromide  from  the  corresponding  bromo-hezahy- 
drotoluic  acid.  Ethyl  A^-tetrahydro^toluate  reacts  with  an  ethereal 
solution  of  magnesium  methyl  iodide,  yielding  A'jp-menthenol,  which 
possesses  the  peppermint  odour  of  terpineoL 

CH3.CH<       *  >C.COOB 

^CHj.CH/ 

-,.     C3H,.C5h/"    •         \c.qOH).(CH,), 

^CHg  •  CHjj 

On  digesting  the  latter  with  potassium  hydrogen  sulphate,  water 
is  removed  and  A'*^**  p-menthadiene  is  formed. 

H,c/\cHg 

^8 . 8 .  f  i^-Uentliadiene. 

This  new  terpene  differs  in  many  important  characters  from 
dipentene,  more  especially  in  the  fact  that  it  combines  with  only 
one  molecule  instead  of  two  molecules  of  bromine,  hydrogen 
chloride  and  bromide.  This  is  ascribed  to  the  presence  of  the  con- 
jugated system  of  double  linkings  0 :  C .  C :  0,  in  which  bromine  is 
known  to  unite  only  with  the  end  carbon  atoms  forming  the  group 
GBr .  G :  C .  CBr  (see  p.  452). 

By  a  similar  series  of  reactions  to  the  above,  using  ethyl  hexa- 
hydro^toluate,  |^menthanol  and  A'|>-menthene  were  prepared. 

CH.CH3  CH.OH3 

HgOy^yCHj  HgCl     JCHa    ^^^ 

CH .  C(OH)(CH3)3  CH— C/ 

p-Menthanol.  A'  p-Menthene. 

>  TroM.  Otm.  8oe.,  1905,  87,  689,  661, 1066, 1088. 
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Finally,  from  |i-mentheney  p-mentbane  (hezahydroeymene) 
obtained  by  reducing  the  additive  compound  of  p-menthene  an^ 
hydrogen  bromide,  CioHigHBr,  with  zinc  dust  and  acetic  add. 
Similar  reactiona  have  been  carried  out  with  the  esters  of  heiza*  and 
tetra-hydrobenzoic  acid,  hexa-  and  tetra-hydro-o4oluio  acid,  and  hexa- 
and  tetra*hydro-«n*toluic  add. 
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Pinane.  Pinene  is  the  most  widely  distributed  of  all  tbe 
terpenes.  It  is  a  common  constituent  of  most  essential  oils,  and 
is  specially  abundant  in  the  resinous  exudations  of  different  species 
of  pinus,  from  which  it  is  obtained  by  distillation  in  the  form  of 
turpentine  oiL  Two  optically  active  modifications  are  known,  the 
(2-compound,  sometimes  distinguished  by  the  name  austrdtene,  being 
found  in  American  turpentine  (from  Pinus  jpalustris  or  ausiraUs), 
and  also  in  (German,  Bussian,  and  Swedish  turpentine  (from  IHnus 
sylvestris)  and  in  many  essential  oils,  and  the  ^compound  or  terebenihme 
in  French  turpentine  (from  Pinus  pinaster)^  English  pine  needle  oil, 
hemlock  oil,  &c.  It  is  still  doubtful  whether  the  two  are  sirictly 
enantiomoiphous.  Pinene  from  pine  is  obtained  by  first  fractionating 
turpentine  oil  and  then  converting  it  into  the  crystalline  nitroeo- 
chloride,  from  which,  by  boiling  with  aniline  in  alcoholic  eolation, 
the  pure  but  inactive  compound  is  regenerated.  In  this  reaction 
ominoazobenzene  is  also  formed. 

CioHieNOCl  +  2NH, .  C,K,  -  OioHie  +  CaH^NAH^NH, 

+  HjO  +  HCl 

Pinene  contains  one  double  bond ;  for,  as  just  stated,  it  forms 
a  compound  with  one  molecule  of  nitrosylchloridei  to  which  Baeyer 
assigns  the  double  molecular  formula : 

CxoHiqCI  .  N2O2 .  CioHjqGI 

Pinene  nitroaochloride. 

This  compound  forms  a  series  of  nitrolamides  by  the  exchange  of 
chlorine  for  primary  basic  groups  having  the  general  formula : 

.NHB  BHNv 

\ ^NgOa — ^ 

Pinene  nitroIanUide. 

Sodium  alcoholate  removes  hydrogen  chloride  from  the  nitroao- 
chloride^ forming  nitrosoptnene^  C10H15NO,  which  can  be  reduced  to 
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j}inylaminef  C10H15 .  NHg.      The  latter  is  readily  conyerted  into  p- 
cymene  by  distilling  the  hydrochloride* 

CioHifiNHj.  HCl  -  C10H14  +  NH4CI 
In  addition  to  the  nitrosochloride,  pinene  forms  crystalline 
additiye  compounds  with  one  molecnle  of  dry  hydrogen  chloride 
and  bromide,  CioHigHCl  and  CioHxeHBr,  from  which  the  original 
product  cannot  be  regenerated;  for  on  removing  the  halide  acid 
Tvith  quinoline  or  sodium  acetate  a  new  terpene,  namely  eangpheney 
is  produced.  Now  camphene  is  closely  related  to  camphoTy  for 
camphor  C^oHjeO  on  reduction  forms  homeol  CxqHiyOH,  which  is 
a  secondary  alcohol  giving  with  phosphorus  chloride  homyl  chloride, 

and  bomyl  chloride  is  identical  with  pinene  hydrochloride. 

CioHie 
it^  Pinene. 

Camphor.  Borneol.  Pinene  hydrochloride 

or  Bomyl  chloride. 

\CioHi8 

Camphene. 

When  it  is  remembered  that  pinene  is  converted  by  moist 
hydrogen  chloride  into  dipentene  dihydrochloride,  and  by  alcoholic 
sulphuric  acid  and  other  reagents  into  such  varied  products  as 
terpin  hydrate,  terpineol,  ciaeol,  dipentene,  terpinolene  and  ter- 
pinene,  it  is  easy  to  realize  that  the  structure  of  pinene  is  a  pivot 
upon  which  that  of  nearly  the  whole  terpene  and  camphor  family 
turns.  A  correct  interpretation  of  its  structure  is  therefore  of  the 
highest  importance,  but  its  remarkable  reactivity  rather  enhances 
than  diminishes  the  difficulty  of  the  problem.  The  successful 
solution  of  the  problem  is  mainly  due  to  the  combined  labours  of 
Baeyer,  Tiemann,  and  Wagner.  As  in  other  cases  the  most  valuable 
information  has  been  gathered  from  the  behaviour  of  pinene  on 
oxidation.  Let  us  follow  the  steps  in  this  process  of  dismember- 
ment By  the  action  of  free  oxygen  and  water  on  pinene^  Sobrero 
obtained  the  crysiallme  pinol  hydrate  or  sobrerollf  CioHiq(OH)2,  which 
on  warming  with  dilute  hydrochloric  acid  is  converted  into  pinoly 
CioHieO.  Both  sobrerol  and  pinol  are  neutral  compotmds  whose 
eonstitution  will  be  explained  presently.  By  means  of  permanganate 
solution,  Baeyer^  obtained  a  much  more  complete  series  of  oxidation 
products.  He  found  among  the  first  products  two  acids^  namely 
a-pinonic  acid,  Ciq'H.i  fi^,  and  pinayl  formic  add,  C1OH14O0.  The  first 
is  a  ketonic  monobasic  acid,  and  the  second  a  ketonic  dibasic  acid. 
As  both  acids  yield  on  further  oxidation  the  same  dibasic  pinic  add, 

1  B«r.,  1896,  ae,  1907. 
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C7Hi2(COOH)2)  Baeyer^  concluded  that  they  contain  respeetiTeiT 
a  methyl  ketone — CO  •  CH^,  and  an  a-ketonic  acid — GO .  GOOB 
group.  Pinic  acid  is  very  stable ;  but  by  first  conTerting  it  ints 
hydroxypinic  acid  (by  bromination  and  subsequent  hydrolysis  s 
may  be  further  oxidised  to  the  lower  homologue  norpime  bcH 
CeHio(COOH)2,  a  dibasic  acid  which  resists  further  oxidatioa.  Tbt 
structure  of  norpinic  acid,  which  is  the  key  to  the  problem,  is 
regarded  by  Baeyer  as  a  cyclobutane  deriyative. 

CHa 

HOOC .  HCkQ>CH .  COOH 

0 

CHj  CH3 

Norpinio  aoid. 

Like  carone  which  gives  caronic  acid,  and  therefore  contains  a 
cyclopropane  nucleus,  so  pinene  must  contain  a  bridged  ring,  d 
which  one  part  consists  of  four  carbon  atoms. 

Both  a-pinonic  and  pinoyl  formic  acids  are  yery  unstable  in  acid 
solution,  and  like  pinene  itself  are  readily  transformed  by  hot  dilute 
sulphuric  acid  into  isomeric  compounds,  a  change  which  Baej« 
ascribes  to  the  rupture  of  the  cyclobutane  ring.  Pinonic  acid  giytf 
the  methyl  ketone  of  homoterpenylic  add,  which  Wallach  had 
preyiously  obtained  by  the  oxidation  of  terpineol  (p.  478X  whM«as 
pinoyl  formic  acid  is  conyerted  into  homoterpenyl  formic  acid 
which  in  turn  can  be  oxidised  to  homoterpenylic  and  terpenylic  add 
of  known  constitution. 

Adopting  Wagner's  formula  for  pinene,  Baeyer  explains  tii« 
yarious  steps  as  follows :  '  ^  ^„ 


HG*^  c^,  ^CH 


cm/ 


CO.C  H 
CH 


CH 

Finen.. 


CH, 

GO.GOOH 
HOOC      CH, 


2  **2'' 

"^CH 

«-Pinonio  aoid.  Pinoyl  formie  acid* 

^  Ber.,  1896,  28, 1907. 
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COOH 
HOOG      o^CH 


HOOC 


CH 

Pinioaoid. 


CH 

Norpinie  acid. 

a-Pinomo  add  is  therefore  produced  by  the  rupture  of  the  double 
'bond  in  pinene.    The  decomposition  of  a-pinonic  and  pinoyl  formic 
by  sulphuric  acid  is  represented  as  follows : 


CO.CJHa 
HOOC,      c^CH 


CO.CH, 


H,C 


CHt 


9\J^ 


CH, 


CH 
o-Pinonic  aeid, 

CO. COOH 
HOOC|      ^>|0H 

H.C 


CH 

Uethyl  ketone  of 
Homoterpenylio  laotone.    . 

CO. COOH 

X 


Pinoyl  formic  acid. 

COOH 
OGv      ^CH, 

O    CH, 
C.GHs 


Homotexpenyl  formic  acicU 


0C|\  COOH 


Homoterpenylio  acid^ 


CH 

Terpenylic  acid. 


This  view  of  the  stracttue  of  pinene,  which  fits  in  so  neatly  with 
the  facts  described  above,  is  opposed  to  the  observations  of  Tiemann 
and  Semmler.*  Tiemann  and  Semmler,  like  Baeyer,  submitted 
pinene  to  the  oxidising  action  of  permanganatei  and  obtained  a 
satniated  ketonio  acid,  pinonic  acid,  which,  on  further  oxidation 


^  Ber.,  1896,  20,  529,  8027, 
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with  chromic  acid  mixture,  gave  a  dibaaic  ketonie  acid,  iaol 
camphoric  acid,  CioHi^Og,  isocamphoronic  add,  C^Hi^O^y  and 
acid,  C7H10O4,  whikt  alkaline   permanganate    converted   it  i 
dimethyltricarballylic  acid. 

Now  the  constitution  of  isoketocamphoric  acid  is  known,  ptitij 
from  its  chemical  properties  but  mainly  from  its  relation  to  » 
camphoronic  acid,  which  it  yields  on  oxidation,^  and  'vrhose  stractoir 
has  been  established  beyond  question  by  its  synthesis  by  Perida' 
(p.  289).    The  two  compounds  must  be  represented  as  follows : 


CM] 


HOOG      ho 

CH(.UOH| 

CH 


Isoketocamphoric  acid. 


COOH 


CHj 


HOOG      cooHiCOOH 

GHs.O.CHs  I 

CH 

iMcamplioronlo  acid. 


It  is  impossible  by  any  deyice  to  rupture  the  bonds  in  Wagner  s 
plnene  formula  so  as  to  yield  either  of  these  acids,  and  the  only 
alternative  is  to  suppose  that  an  internal  rearrangement  of  the 
molecule  of  a-pinonic  acid  occurs  during  oxidation  after  the  following 
fashion : 


CO.CHa 
HOOG      o^CH 

OH».c/ 


CH 

o-Pinonio  acid. 


HOOG 


OO.OHj 
HOOG      c^^CH .  OH 

CIHs.C.OH 

H.Cv^^'CH, 
CH 

Intermediate  product 
CO.CH3 

COOH 

OH3.C.CH8 

CH, 


CH 

Isoketocamphoric  acid. 

Another  difficulty  encountered  by  Wagner's  formula  is  the  form*' 
tion  of  pinonic  from  a-campholenic  acid    The  latter  add  is  obttft^ 


>  Trans.  Chun,  Soc,  1809,  76,  900. 

'  Perkio,  Jan.,  Proe,  CA«m.  Soe.,  1900,  IS,  214. 
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:f  rom  camphor,  and  its  structure,  which  is  discussed  on  p.  522,  presents 
no  ambiguity. 

The  explanation  which  is  here  put  forward  is  based  upon  the 
pinacone-pinacoline  change  (p.  209). 


CH3 

I 

c 

N 


HOOC  ^CH 

cBs.q.0U( 


CH 
CH 

a-Campholenio  acid. 


2 


HOOC 


H,C 


CH.OH 


CH 
Inteimediate  product. 


CO .  CHj 
HOOC.       c^OH 

OH».C/ 


CH 

a-Pinonie  acid. 


Haying  now  laid  the  foundation  upon  which  the  formula  for 
pinene  rests,  and  attempted  to  adjust  its  structure  to  that  of  iso- 
camphoronic  and  a-campholenic  acid,  let  us  examine  for  a  moment 
its  relation  to  the  first  products  of  oxidation,  namely,  sobrerol  and 
pinol,  and  finally  to  the  allied  terpene,  dipentene. 

The  formation  of  sobrerol  is  explained  by  the  rupture  of  the  cyclo- 
butane  ring,  that  of  pinol  by  the  loss  of  water  from  sobrerol  and 
formation  of  an  inner  ether.  As  both  compounds  are  oxidized  by 
permanganate,  one  to  pinolglycol,  CiJ3.iQ(OJl)fij  and  the  other  to 
sobrerythritol,  CioHie(OH)4,  they  must  still  possess  a  double  bond. 
Furthermore,  pinolglycol  gives  terpenylic  acid  on  oxidation.  These 
results  are  expressed  by  the  following  formulae : 


c.ca 


C.CH, 


HG 


CHs 
CHJ.C.OH 


CH.OH 


HC 


H 


\    OHs  ^  CH 


I 


OH 

Sobrerol. 


\c-OHs 

CH 

PinoL 


CH, 


Kk 
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OH.C.CH, 


^  I 

\C-OHa 


CH.OH 


PinoIglycoL 


0C\     CHs 

\C-CHe 

CH 


COOH 


CH, 


Terpenylio  aoid. 


In  the  foimatioQ  of  dipentene,  pinene  passes  through  the  iBte^ 
mediate  stages  of  terpineol  and  terpin,  and  here  again  the  inner  rinf 
is  broken. 


C  •  GH<; 


HC 


HjC 


CH 

Pinene. 


CH 


CH, 


OH.C.CH, 


H«Oi        cHa    CH< 


H,C 


\J  m    OH  j 

Hc^c^ca 

0H1.C.0H 


H,C 


V 


CH, 


CH 

TeipineoL 

CH 

HCj^c^ca 


CH 

Dii)enten6. 


CSampliene.  Camphene  is  a  solid  terpene.  It  is  dextro-rotatory 
in  ginger  and  spike  oil,  and  laevo-rotatory  in  dtrondla  and  TBleriao 
oil,  and  in  French  and  American  turpentine.  Berthelot  obtained 
the  same  two  active  forms  from  d-  and  I*pinene  by  the  action  of 
dry  hydrogen  chloride,  which  converts  them  into  the  correspond- 
ing d-  and  Z-bomyl  chlorides  (p.  499).  It  is  also  obtained  from 
bomeol  and  the  isomeric  isobomeol  (p.  600)  by  the  action  of 
dehydrating  agent&  Its  mode  of  preparation  would  natorallj 
suggest  that  camphene  contained  a  double  bond,  and  this  is  sup- 
ported by  the  following  evidence:  the  molecular  refraction  con- 
stant observed  by  BrQhl,  the  formation  of  a  hydrochlorocamphene. 
CjoHi^Cl,  with  hydrogen  chloride  gas,  of  a  dibromide  CioHi^Brj, 
with  bromine,  and  of  a  glycol,  CioHio(OH)2,  by  the  action  of  dilute 
permanganate.     Oxidised  with  nitric  acid  it  yields  camphoie  acid, 
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tvhich,  on  heating,  loses  carbon  dioxide  and  forms  apocamphoric  acid, 
^Yhich  has  been  synthesized  by  Komppa'  (p.  267). 


^COOH 
^'^ f-COOH 

0x13  «  C  •  CII3 

H,C! CH .  COOH 


H,G 


CH . COOH 


Cxia  •  C  •  GH.: 


'z 


H,C- 


I 

CH .  COOH 


Camphoio  aeid.  Apoo«mphorie  acid. 

It  would  appear  from  this  array  of  simple  facts  that  the  structure 
of  eamphene  would  offer  no  difficulty,  and  indeed  for  a  long  time  the 
following  formula  was  accepted  without  question : 

CH. 

I 
C 


H«G- 


CH 


H,C 


I 

I 


v 


-CH CH 


It  explains  primarily  its  relation  to  camphor  and  bomeol  (see  p.  498), 
And  is  consistent  with  the  facts  enumerated  above,  including  its 
formation  from  pinene,  which  is  expressed  as  follows: 


C.CH. 


HC 


H,C 


G  •  CXI3 
CHj 


CH, 

cHt.ua 


CH, 


0.  GM3 

anc^  ^CH, 

CHa.u.CHa 
Hjd 


Intermediate  product. 
G«  CI13 


CH 

Bornyl  chloride. 


CH 

Camphene. 


27eYerthel688,  this  view  is  contested  by  Wagner  and  Semmler,  and  is 
based  on  the  nature  of  the  halogen  compounds  from  which  camphene 
is  prepared. 

In  the  first  pkce,  the  additive  compounds  of  pinene  and  camphene 
with  hydrogen  chloride  are  not  identical,  for  the  pinene  compound  is 
.anuch  the  more  stable.    Pinene  hydrochloride  resists  the  action  of 

>  Ber.,  1901,  84,  2472. 
K  k  2 
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boiling  water  to  a  great  extent,  whilst  the  camphene  compooi 
almost  completely  loses  hydrogen  chloride  by  this  treatments 

Corresponding  to  these  two  hydrochlorides  are  two  bomeols,  knsvs 
as  borneol  and  isobomeol,  both  of  which  are  obtained  aimultKiieoidf 
by  the  reduction  of  camphor  with  sodium  in  alcoholic  solution.  Ef 
the  action  of  phosphorus  pentachloride  on  isobomeol,  or  hjdiosH 
chloride  on  its  alcoholic  solution,  camphene  hydrochloride  h  in- 
duced. Moreover,  camphene  combines  with  organic  acids  in  preseas 
of  sulphuric  acid  to  form  esters  of  isobomeoL  It  seems  cleuv  tba*- 
fore,  that  camphene  and  isobomeol  are  structurally  related.  Wagns 
and  Brykner  ^  have  now  shown  that,  when  phosphorus  pentaehkcdi 
reacts  with  borneol,  a  mixture  of  bomyl  and  isobomyl  chloride  b 
produced,  but  mainly  the  latter,  which  proves  to  be  a  seeondar 
product  of  the  action  of  hydrogen  chloride  on  the  camphene  iorad 
by  the  dehydration  of  borneol.  If  in  place  of  phosphorus  peob* 
chloride,  dry  hydrogen  iodide  is  allowed  to  react  "with  boniiaL 
bomyl  iodide  is  formed,  from  which  alcoholic  potash  liberates  a  nev 
terpene,  called  bamylene.  As  bomyl  iodide  is  identical  with  pinese 
hydriodide,  there  is  little  doubt  that  pinene  hydrochloride  is  the  trmt 
halogen  ester  of  borneol. 

As  both  borneol  and  isobomeol  give  camphor  on  oxidation^  tod 
until  recently  were  thought  to  yield  camphene  by  dehydration,  ikt 
differences  between  them  were  regarded  as  of  a  stereochemical  natom 
With  the  discovery  of  bomylene  and  the  great  diveigoioe  which  0 
now  recognized  in  the  proi>erties  not  only  of  bomylene  and  campheo* 
but  of  borneol  and  isobomeol,  this  view  has  undergone  a  change^  and 
they  are  looked  upon  as  structurally  distinct.  Bomylene  has  received 
the  formula  originally  attached  to  camphene,  and  best  indicates  iU 
relation  to  borneol  and  to  camphoric  acid,  which  it  readily  yieU» 
on  oxidation  (p.  509). 


CHj CCCHa)— CH(OH) 


CH< 


CMo  •  G .  OjEx 


CH 


r 


I 
CH 


-CH 


0(CHj)— CH 


CH«  •  C  •  CHi 
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CH, 


I 
CH 


CH 


Borneol. 


Bomylene. 


CHj C(CH3).C00H 


Gxio  •  G  •  Gxii 


'3 


I 


CHa CH.COOH 

Camphoric  aoid« 


^  Ber,,  1899,  82,  2320 ;  1900,  88,  2121. 
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The  struchire  of  camphene  is  still  doubtful.  By  carefully  regulated 
idation,  Wagner  obtained  a  camphene  glycol,  GioHiq(OH)2,  which 
3,  however,  quite  distinct  from  camphor  glycol.  From  camphene 
glycol  a  series  of  oxidation  products  have  been  prepared,  among 
V'liich  a  dibasic  acid,  camphenecamphoric  acid,  CioHie04,  a  hydroxy 
kcid,  camphenylic  acid,  CioH^eOs,  and  a  ketone,  camphenilone, 
Z/9II14O,  have  been  isolated  and  studied. 

In  another  direction  the  action  of  chromylchloride  has  produced 
hXk  aldehyde  camphenilan  aldehyde,  G0H15CHO,  from  which  cam- 
plienilanic  acid  has  been  prepared.  This  acid  has  been  converted 
iucoeBsively  into  a  bromo  and  a  hydroxy  acid,  the  latter  being 
identical  with  camphenilone.  In  the  present  state  of  the  camphene 
problem  it  seems  useless  to  multiply  the  names  and  formulae  of  its 
derivatives,  and  the  subject  must  be  left  until  further  research  has 
tlnrown  new  light  upon  it. 

Penehene.    Two  active  fenchenes  are  prepared  from  corresponding 

fenchones  much  in  the  same  way  that  bomylene  or  camphene  are 

prepared  from  camphor.     It  is  therefore  necessary  to  preface  a 

description  of  their  preparation  with  some  account  of  fenchone. 

Fenchone,   CiqBliqO,  was  discovered  by  Wallach  in  1890.     It  is 

dextrogyrate  in  fennel  oil  {/oeniculum  vtdgare)  and  laevogyrate  in 

thuja  oil,  in  which  it  occurs  with   thujonty  an  isomeric  ketone. 

Fenchone  has  similar  properties  to  camphor  (p.   610),   but  is  a 

liquid.      It   is  a  ketone,  and  forms  an  oxime,   but  contains  no 

GH2CO  group,  since  it  yields  no  hydroxymethylene  compound.     On 

reduction  it   gives  a  secondary  alcohol,  fenchyl  alcoJiol,  CioHigO, 

from  which  various  terpenes  of  the  formula  CioHiq,  the  fenchenes, 

can  be  obtained  by  the  aid  of  dehydrating  agents.     Oxidising  agents 

convert  fenchene  into  apocamphoric  acid  (p.  499),  whilst  fenchone 

gives  isocamphoronic  acid  (p.  496).     Fenchoneoxime,  like  camphor- 

oxime,  loses  water  on  heating  with  acids,  and  gives  unsaturated 

fencholenic  nitriles  which,  on  hydrolysis,  are  converted  into  a-  and 

yS-fencholenic  acids.     These  fiicts  have  found   expression  in  the 

follovring  formulae  for  fenchone  and  its  derivatives: 


HjC CH CH  •  CH3  HjjC CH— COOH 

Clis .0.  CI14 

I 


C/Uo  .  U  •  CH 


3  .  V .  V/AJ.3 


HjC CH CO  H3C CH— COOH 

Fenchone.  Apocamphoric  acid. 
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CH 
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<3H.CH, 


-C:NOH 


Fenehoneozime. 


CI13  •  C  •  Gu3 

I 

HC---CH  OOOH 

a-Fencholenie  aeid. 


Its  xelaiion  to  «n-cymene  is  readily  expressed  by  means  of  tk 
above  formula  by  breaking  one  bond  of  the  bridge  at  the  dotted  la» 
and  removing  a  molecule  of  water. 

CH  CH 


HoC^.^CH.CH 


3  HC 

-HjjO 

HO 


CH8.0.CH,; 


CH 
Fenohone. 


0 

m-Cymene. 


CH 


In  addition  to  the  action  of  dehydrating  agents  on  the  fendni 
alcohols,  the  fenchenes  may  be  prepared  by  removing  hydrogv 
chloride  from  the  fenchyl  chlorides,  which  are  in  turn  formed  firoB 
the  alcohols  by  the  action  of  phosphorus  chloride.  In  this  nif 
a  variety  of  fenchenes  are  obtained  according  to  the  method  d 
preparation,  of  which  only  the  structure  of  one,  namely,  l>feneh6De 
from  J-fenchone,  is  accurately  known.  In  its  preparation  c^feoehone 
is  reduced  to  fenchyl  alcohol,  which  is  laevo-rotatoiy.  If  carafafif 
cooled  when  phosphorus  chloride  is  added,  a  strengly  laevo-rotaftory 
fenchyl  chloride  is  formed,  from  which  ^fenchene  is  obtained  bj 
removing  hydrogen  chloride  with  aniline.  It  is  a  curious  fact  tbii 
if  the  fenchyl  alcohol  is  not  cooled  during  the  action  of  the  phot- 
phorus  compound,  the  product  is  dextro-rotatory. 

The  constitution  of  ^fenchene  has  been  arrived  at  by  WaUaeh  bf 
a  study  of  its  oxidation  products.  It  yields  a  hydroxjrfenohenic  uai. 
CjoHisOg,  which,  like  a-hydroxy  acids,  is  converted  by  means  of  left^ 
peroxide  and  sulphuric  acid  into  a  ketone,  fenchocamphorone,  with 
elimination  of  carbon  dioxide. 


CgHu.OH.COOH 

Hydroxyfenohenic  acid. 


CjHi^O  +  OO2 

Fenohoeamphorone. 


Fenchocamphorone  yields,  on  the  one  hand,  an  oxime  which  reacfilf 
loses  water  and  passes  into  fenchocamphonitrile,  C3H13CN,  and  on 
the  other  passes  by  oxidation  into  apocamphoric  add*  These  ohaogefi 
are  represented  by  the  following  formulae : 
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HoC CM" 


'■2 


I 

GIX3  •  C  •  Gil 
CH- 


3 


CO 


H,0 


CH — 

CXI3  •  G  •  CH' 

I 

HjC CH CHj 

^H7d^ox7fenehenie  add. 
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Fenoho««mphoron6. 
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CH-COOH 


Apocamphorio  aoid. 


Thi^Jena.    Thtgenoy  like  fenchene,  is  obtained  from  the  corre- 
sponding ketone,  tliujone  or  tanacetone,  which  accompanies  I*fenchone 
in  thxga  oil,  and  is  also  found  in  the  oils  of  tansy,  wormwood,  and 
sage.    Thujone  is  separated  as  the  bisulphite  compound  and  is 
dextrogyrate.    As  the  constitution  of  thujone  is  bound  up  with  that 
of  thujene,  we  will  consider  the  properties  of  the  former  first. 
Thujone  forms  a  semioarbazone  and  an  oxime,  which  gives  thujylr 
cvmmej  CioHxyNHj,  on  reduction.     It  is  saturated,  i.e.  it  yields  no 
additive  products,  and  therefore  presumably  is  a  bi-oydic  ketone  of  the 
nature  of  carone.    Its  relationship  to  carone  is  further  demonstrated 
by  the  action  of  heat,  which  converts  it  into  the  isomeric  carvotan- 
acetone  in  the  same  manner  that  carone  yields  carvenone  (p*  488). 
Kow  the  structure  of  carvotanacetone  is  known  and  is  derived  partly 
from  its  formation  from  carvone  hydrobromide  by  reduction  and 
partly  by  its  conversion  into  carvomenthol,  the  isomer  of  menthol. 
These  facts  are  expressed  by  the  following  structural  formulae : 
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Wallach  found  that  thujone  undergoes  a  farther  isomerie  chiB^ 
on  boiling  with  sulphuric  acid,  yielding  an  unsaturated  keiona, 
isotkujonCy  which,  according  to  Semmlery  contains  a  cydopeolue 
nucleus ;  but  the  consideration  of  this  compound  need  not  detain  as. 
Thujene  can  be  prepared  from  thujone  by  means  of  the  xaniliie 
ester  method  elaborated  by  Tschugaeff,  and  which  seems  capaUe 
of  a  very  wide  application  (p.  474).  Thujyl  alcohol,  which  k 
obtained  from  thujone  by  reduction,  is  converted  into  the  xanthk 
methyl  ester  by  treating  the  sodium  compound  of  the  alcohol  wxtk 
methyl  iodide  and  carbon  bisulphide.  It  is  then  decomposed  by  dry 
distillation  and  gives  the  terpene : 

C10H17O .  CS .  SCH3  =  CioHio  +  HO .  OS .  SCH3 

Thujyl  xanthio  ester.         Thujene. 

We  have  not  exhausted  the  subject  of  the  terpenes,  not  even 
enumerated  all  the  known  members.  We  have  been  content  to 
give  a  sufficiently  broad  r^sum6  of  this  branch  of  organic  chemifltiy 
to  enable  the  reader  to  realize  the  nature  and  remarkable  reactivity 
of  these  substances. 


THE  CAMPHORS 

It  has  already  been  stated  that  many  oxygen  compounds  cloady 
allied  to  the  terpenes  in  chemical  structure  are  found  associated  with 
them  in  plants.  Cineol  and  terpineol  have  already  been  described, 
and  here  and  there  a  reference  has  been  made  to  substances  having 
the  formula  CioHjeO,  and  possessing  the  properties  of  ketonea 
Some  of  these,  like  the  artificial  products  dihydrocarvone  or 
carvenone,  are  unsaturated  and  have  a  monocyclic  structure^  others 
again,  like  natural  fenchone  and  thujone,  or  carone  which  is  prepared 
from  carvone,  are  saturated  and  contain  a  bi-cydic  nucleus.  Hie 
ketones  are  therefore  divisible  into  two  groups  like  the  terpenes. 
In  addition  to  the  above  are  two  important  members  of  the  camphor 
group,  namely,  ptdegone,  which  belongs  to  the  monocyclic  division, 
and  camphoTf  which  must  be  included  in  the  bi-cydic  division. 

• 

Pulegone.  Pulegone  is  the  chief  constituent  of  oil  of  pennyroyal 
{menOia  puUg%um\  and  was  isolated  in  1891  by  Beckmann  and 
Pleissner,  studied  by  Semmler  and  Wallach,  and  ultimately  syn- 
thesized by  Tiemann  and  Schmidt  in  1896.^    It  is  separated  from 


^  B0r.,  1896,  20,  918 ;  1897,  80,  22. 
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the  crude  oil  by  means  of  the  bisulphite  compound  and  is  dextro- 
rotatory. It  forms  an  oxime  and  a  semicarbazone,  a  crystalline 
hydrochloride  and  hydrobromide,  and  a  characteristic  nitroso  com- 
pound having  the  double  molecular  formula  (CioHi50NO)2.  Finally, 
on  reduction  with  sodium  and  alcohol,  it  takes  up  two  molecules  of 
hydrogen  and  passes  into  ordinary  menthoL  These  facts  indicate  an 
unsaturated  ketone  in  which  the  ketone  group  is  determined  by  its 
relation  to  menthol. 

CM .  Cxi3 

'CH{OH) 
H 

Meikthol. 

The  position  of  the  double  bond  is  also  to  some  extent  indicated 
by  the  behaviour  of  pulegone  with  hydroxylamine.  It  has  been 
shown  by  Wallach  and  others  that  cyclic  ketones  with  a  double  bond 
in  the  a^S-position  to  the  ketone  group  exhibit  a  characteristic 
behaviour  with  hydroxylamine,  depending  upon  whether  the  double 
bond  is  in  the  nucleus  or  side-chain.  In  the  former  case  two 
molecules  of  hydroxylamine  are  utilized,  and  so-called  oxamino  oxmes 
are  formed  in  which  one  hydroxylamine  molecule  forms  an  additive 
compound  at  the  double  bond,  and  the  other  attaches  itself  to  the 
ketone  group. 

CH  HO .  HN  CH2 

BG^NCO  RC/\C :  NOH 

+  2NHaOH    ->         J 

Cxl2  Ii2(X        JCH2 

HE  CHR 

Oxamino  oxime. 

In  the  second  case,  where  the  double  bond  is  in  the  side-chain, 
either  the  additive  or  oxamino  compound  is  formed,  or  else  the  true 
oxime. 

This  is  the  case  with  pulegone,  which  forms  both  an  oxime  and 
an  oxamino  ketone.  The  double  bond  lies  therefore  in  the  isopropyl 
side-chain. 


H. 
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GH.  •  Cxij 
HaC/^CHo 


L2^ 


H.G'^CH, 


:NOH 


CH 

I 
C.NH.OH 

HjC      CH3 
Ozamino  pulegone. 


This  view  also  axplains  its  oxidation  by  permanganate  to  aeetone 
and  /3-methyl  adipio  acid,  and  its  decomposition  on  heating  iritli 
formic  acid  or  water  to  260"  into  acetone  and  methylcyclohexanone. 

GH  •  GHt 


/ 
GH  •  GI13 

H,c/\CH 


HjO.     JGO 

Y 

II 

Gri3 — G — Gxij 
Pulegone. 


\ 


GH.CH, 


^s 


Hja      OOOH 

GOGH 
/3-MethyUdipio  aeid. 


H,C/\CH, 

H,(\JcO 
GH, 

Methylcyolohexanone. 


The  table  on  p.  507  ahows  the  relationahips  existing  between  the 
monocyolio  camphois  and  certain  other  compounds,  whieh  have  been 
discussed  in  the  foregoing  section.  The  camphors  are  printed  in 
thick  type. 

Camphor.  Gommon  or  Japan  camphor  is  one  of  the  oldest 
known  organic  compounds.  By  reason  of  its  cr3rstalline  charsder 
and  easy  purification,  its  extraordinary  reactivity,  its  assoeiatioo 
with  the  terpenes  and  its  comparative  abundance  in  nature,  it  has 
attracted  the  attention  of  more  than  one  generation  of  chemistB. 
It  was  analysed  by  Dumas  and  found  to  have  the  formula  CiJ3.ifi. 
As  early  as  1785  its  behaviour  with  nitric  acid  was  studied  bj 
Kosegarten,  who  obtained  the  acid,  now  known  as  canpkorie  add. 
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blue    formation  of  which   was  afterwards  correctly  interpreted  by 
TVralftguti,  Laurent  and  Liebig. 

CioHigO  4-  30  =  CioH|q04 


TlLujone 
Carvotaaaoetone 


C.CH, 
HO^'^C.OH 

C .  CHCCHj)^ 
Carvacrol 

t 

Garvone  — >  Euoarvone 
Bihydrooaarvone  — >  Oarone 


C.CH, 

C.CH(CH8)5 

Thymol 


Oarvenone 

i 


Pulegone 


Dihydrocarveol 

Garvomenthone 
(tetrahydroearvone) 

it 

->-  Ganromenthol  < 
OH .  CH3 

HaG/^CH .  OH 


Had 


Menthone 

t    , 

•>  Menthol 
GH .  GHs 


CH. 


GHs 

GH(GH3)a 

The  Monooyolic  Gamphors  and  related  Gompounds. 


HjGI     .GH.OH 

CH.GHCGHj)* 


During  the  last  quarter  of  a  century  a  host  of  skilful  workers  have 
concentrated  their  efforts  in  attempts  at  discovering  its  structure, 
with  the  result  that  no  less  than  thirty  different  formulae  have  at 
one  time  or  another  been  proposed.  The  earlier  formulae  were 
based  on  the  behaviour  of  camphor  with  dehydrating  and  other 
agents.  Phosphorus  pentoxide  or  pentasulphide  yield  mainly 
fHsymene  ;  zinc  chloride  produces  a  variety  of  aromatic  hydrocarbons, 
among  which  toluene,  m-cymene,  m-xylene,  o^-ethyl-o-xylene,  and 
tetramethyl  benzene  have  been  identified ;  hydriodic  acid  forms 
tetra-  and  heza-hydro-m-xylene,  and  iodine  produces  considerable 
quantities  of  carvacrol  (hydrozy^-cymene). 

The  appearance  of  so  many  simple  aromatic  compounds  clearly 
pointed  to  a  benzene  skeleton.  It  was  only  necessary  to  clothe  it 
with  suitable  groups  and  side-chains,  which  should  account  for  the 
ketonio  nature  of  the  compound,  the  formation  of  the  dibasic 
camphoric  acid,  and  as  many  of  the  aromatic  hydrocarbons  as  their 
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Taried  nature  would  admit  of^  in  order  to  obtain  a  satis&etar 
formula.  It  is  clear  that  the  process  admitted  of  varied  treatmoi 
and  some  ingenuity.  An  entirely  new  light  ^ras  thrown  on  tk 
structure  of  camphor  in  1893  by  Bredt's  ^  discovery  of  the  eoe- 
stitution  of  camphoronie  add  CeHii(C02H)3y  which  KaeUv'  j 
had  found  with  camphoric  acid  among  the  oxidation  products  «f 
camphor. 

Bredt  showed  that  when  camphoronie  acid  is  heated  it  breaks  op 
into  trimethylsuccinic  acid  and  isobutyric  acid,  whilst  carbon  dioxide 
is  evolved  and  some  carbon  is  deposited.  This  decomposition  maj 
be  expressed  as  follows: 

CH3  •  CH  •  CO2H 
2CflHii(C02H)3  =  I  +  2(CH3)2CH .  CO^H  +  200, + C 

{CK^)fi .  CO2H 

Not  only  is  the  yield  of  trimethylsuccinic  acid  very  consideFBlk 
(60-70  per  cent.),  but  its  appearance  cannot  be  ascribed  to  sbt 
secondary  process,  seeing  that  Koenigs  obtained  the  same  add  hf 
the  direct  oxidation  of  camphoric  acid  with  chromic  acid. 

Camphoronie  acid,  according  to  Bredt,  is  a  tiimethyltricarballjlie 
acid  having  the  following  formula: 

(CH3)2G4-C(CH3KCH2 

r- 1       M 

HOOC   cooh    cooh 

Camphoronie  acid. 

Its  conversion  into  trimethylsuccinic  and  isobutyric  acid  is  readily 
explained  by  supposing  the  rupture  to  occur  along  one  or  other  of 
the  dotted  lines.  In  the  one  case  two  molecules  of  isobutyric  sod 
will  be  formed,  and  in  the  other,  one  molecule  of  trimethylsuceuu^ 
acid. 

The  structure  of  camphoronie  acid  has  been  completely  establisbetl 
by  Perkin,  jun.,  and  Thorpe,'  who  obtained  it  synthetically  in  the 
manner  described  on  p.  259.  The  disposition  of  nine  out  of  ten 
carbon  atoms  is  thus  accounted  for,  and  as  camphoronie  acid  is  abo 
obtained  by  oxidising  camphoric  acid,  the  two  must  contain  ^ 
same  grouping.  Bredt  showed  that  camphoronie  acid  is  also  fomed 
when  camphanic  acid  C10H24O4  is  oxidised.    Oamphanic  is  a  laetonic 

*  Ber.,  1898, 90,  8047  ;  Anruden,  18%,  288,  55. 

*  Annalen,  1871, 169,  286. 
"*  Trans.  Oiem,  Soc.,  1897,  71,  1169. 
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wiAiid  derived  from  hydroxycamphoric  acid,  and  is  produced  when 
-^vater  or  alkalis  act  upon  bromocamphoric  anhydride. 


CO 

C8H,8Br<^0 
CO 

Sromooamphoric 
anhydride. 


/COOH 
CgH„(OH)<( 

X!OOH 

Intermediate  product. 


lyCO 
^COOH 

Camphanio  acid. 


According  to  Bredt  the  degradation  of  the  camphor  molecule  otk 
oxidation  is  represented  as  follows: 


CHa- 

CXI3  •  C  •  (jH.^ 


CH3 

I 

c — 

I 


CO 


CH, 


OH, 


I 
-CH CH, 

Camphor. 


CH, 


CH, 

0 COOH 

I 


CHq  •  C  •  CH<3 


CH 


2' 


I 

-CH — ^COOH 
Camphoric  acid. 


CH, 

I  • 
C— 
I 


COOH 


CXI3  •  C  •  CH3 

I 

CHj C(OH).COOH 

Hydroxycamphoric  acid. 


CH, 


CHj 

C— COOH 

I 


CH, 
0— COOH 


CXI3 .  C  •  CXI3 

CHa CO 

Intermediate  ketonio  acid. 


CHj— 

CXI3 .  C  •  CM3 
COOH    COOH 

Oamphoronic  aoid 
(Trimethyl-tricarballylio  acid). 


Bredt's  formula  was  accepted  with  some  reserve;  for  although 
it  represented  in  a  simple  and  natural  fashion  the  stages  in  the- 
resolution  of  the  molecule  by  oxidation,  it  appeared  to  break  down 
when  submitted  to  the  test  of  other  reactions.  Many  of  the  difficulties 
at  first  encountered  in  adopting  this  formula  have  since  been  removed, 
a  result  to  be  mainly  attributed  to  increased  familiarity  with  the 
properties  of  *  ring ',  and  more  especially  '  bridged-ring ',  structures. 
The  occasion  for  balancing  evidence  in  favour  of  one  or  other 
fonnula  has  fortunately  disappeared;  for  Bredt's  formula  has 
received  the  best  possible  confirmation  in  the  discovery  of  Eomppa's. 
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synthesis  of  canotphoric  acid.  It  only  remains,  therefore,  to  adjost 
Bredt's  camphor  formula  to  the  fi^ts  and  then  to  trace  as  briefly » 
possible  the  principal  transformations  which  this  many-sided  com- 
pound undergoes. 

1.  Camphor  is  a  hetonCy  for  it  forms  an  ozime,  CioHjetNOHi 
a  bromophenylhydrazone,  CioHiqiN.  NH.CoH4Br,  and  a  senu* 
carbazone,  CiqHio  :  N  •  NHCONH,.  On  reduction  it  yields  tbe 
secondary  alcohol,  bomeol,  CjqHi^OHi  and  when  heated  witlt 
ammonium  formate,  the  base  bomylamine,  CjoHi^NHs,  which  is 
also  formed  when  camphoroxime  is  reduced. 

2.  Camphor  contains  the  groi^—CS^ .  GO—.  Claisen  and  Msnsflw 
prepared  an  isonitroso  derivatiye  and  a  hydroxymethylene  camphor 
by  the  usual  methods  (see  p.  288). 

yCO  /CO 

C,Hu<  I         ^^  CsHi  / 1 

\C :  NOH  \C :  CH .  OH 

Isonitroao-camphor.  Hydroxymethylene  camphor. 

It  also  forms  with  benzaldehyde  and  its  derivatives  benzylidene 
compounds  of  the  following  type: 

.00 


C«Hh/  I 


C :  CH .  CeHj 

Benzylidene  camphor. 

All  these  reactions  are  associated  with  the  above  — CH^ .  CO— 
group. 

8.  The  group — CHj .  CO — is  trantformed  into  the  two  carhox^s  of 
camplioric  acid.  Claisen  and  Uanasse  showed  that  isonitroso-camphort 
on  hydrolysis,  yields  camphor-quinone,  which,  on  oxidation,  is  con- 
verted easily  and  completely  into  camphoric  acid. 

/CO  ^CO 

CaH,  /  I  -> 

XJ:NOH 

Isonitroso-oamphor.  Camphor-qninone. 

/CO  /COOH 

C,Hh<;i    +H20  +  0-C,Hi,< 

\C0  X)00H 

Camphoric  acid. 

Moreover,  the  two  carboxyl  groups  are  differently  disposed,  for 
there  exist  two  series  of  acid  esters  (known  as  ortJio  and  aiOo  or 
a  and  jS) ;  two  camphoramic  acids,  two  amino  acids,  two  hydroxy 
and  two  cyano  acids,  and  also  a  corresponding  series  of  four  nn- 


/CO 

CsH„<(  I 
XIO 
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Batuiated  xnonobasio  acids,  G^His .  COOH,  known  as  a-campholytic, 
p^  or  cis-campholytic  (or  isolauronolic)  acid,  allo-campholytic  (or 
lauronolic)  acid,  and  an  isomeric  lauronolic  acid,  all  of  which  will 
be  described  later  (p.  518). 


C.H 


GOOH 

OR 
COOH 

\00.NHj 
xOOOH 


'8 


< 


COOH 

8**14\ 


C.H  / 


OH 
COOH 


''*''"\CN 


CgH,3.C00H 


NHj 

The  wfh/a  and  aXUi  (a  and  i3)  series  of  Camphoric  acid  deriTatives. 

The  relation  of  camphoric  acid  to  camphor  is  further  established 
by  the  experiments  of  Haller/  who  succeeded  in  transforming 
camphoric  anhydride  into  camphor  in  the  following  way : 

CSamphoric  anhydride  can  be  reduced  with  sodium  amalgam  to 
campholide. 

CO  CO 

C8Hx4<^  +  4H  «  C,Hu<^0  +  H^O 

CO  CHa 

Camphonc  anhydride.  Campholide. 

Campholide,  when  heated  with  potassium  cyanide,  yields  the 
nitrile  of  homocamphoric  acid. 

^  ^CHg .  CN  \CH2.COOH 

Campholide.  Homocamphoric  nitrile.  Homocamphoric  add. 

Finally,  the  calcium  salt  is  heated,  and  camphor  distils. 

rioO — Ca  /CO 

C8Hh<  I     -C,H,,<(|      +CaC03 

^CHg.COO  ^CHa 

There  are  other  ways  of  preparing  homocamphoric  acid  directly 
from  camphor,  but  they  do  not  possess  the  theoretical  interest  which 
attaches  to  the  synthesis  from  camphoric  acid.  It  is  a  significant 
fact  that  whilst  camphoric  acid,  like  the  succinic  and  glutaric  acids, 
yields  an  anhydride  on  heating,  homocamphoric  acid  does  not,  and 
consequently  the  carboxyk  in  the  latter  must  be  separated  by  at 

1  Cbmpe.  rm^^  1896, 122,  446. 
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least  a  four*carbon  chain.  It  follows  that  camphorie  aeid,  wlik^i 
the  lower  homologue,  must  possess  a  three-carbon  chain  or  ^otazk 
acid  structure. 

The  structural  relations  between  camphor  and  camphorie  loi 
being  thus  clearly  established,  we  have  still  to  ascertain  the  ca» 
which  underlies  the  difference  in  the  disposition  of  the  two  caiboxjl 
groups,  and  to  discoyer  which  of  these  two  groups  oorresponds  to^ 
ketone  and  which  to  the  methylene  group  in  camphor.  Ghemkil 
and  physical  evidence  combine  to  prove  that  both  camphor  aad 
camphoric  acid  are  saturated  compounds  By  the  action  of  brooiDfl 
on  camphoric  anhydride  substitution  takes  place,  but  only  onemou)- 
bromo  derivative,  ai-bromocamphoric  acid,  is  formed.  As  hroaiiK 
always  attaches  itself  to  the  a-carbon  in  an  acid,  there  can  be  botoB^ 
a-hydrogen,  and  camphoric  acid  will  probably  contain  the  group: 

C 

C.COOH 

CH . COOH 

The  differentiation  of  the  a-  and  )3-eeries  is  arrived  at  in  the  toOff^ 
ing  manner  :  when  isonitroso-camphor  is  warmed  with  hydroeUoiK 
acid  it  is  converted  into  camphoramic  acid  of  the  a-aeries. 

C  C 

I  I 

C CO         +  HjjO  =  C .  COOH 


CH-^:NOH  CH.CO.lOIj 

It  is  the  methylene  group,  therefore,  which  represents  the  a-ctrbW 
in  camphoric  acid. 

C 

I 
C .  COOH  08-  or  alio) 

• 

CH .  COOH  (o-  or  ortho) 
4.  CoMnpharie  acid  amtaim  a  MmeGii/liilutafic  group: 

OxjLa  OJexo  C/xXft 
\/  I 

HOOC.  CH.  C C.  COOH 

An  important  clue  to  the  structure  of  camphoric  acid  was  afM^ 
by  the  researches  of  Balbiano.  By  oxidising  camphoric  acid  iritt 
permanganate  very  slowly  at  the  ordinary  tempeiature,  thfirelf 


CAUPHOB 


618 


icluding  the  likelihood  of  intramol^oular  change,  he  obtained,  in 

Addition  to  small  quantities  of  oamphanic^  camphoronic,  and  trimethyl- 

succinic  adds,  a  dibasic  acid,  CgHigO^,  and  an  equivalent  quantity 

of  oxalic  acid  as  the  chief  products.    This  new  acid,  on  reduction 

-^vith  hydriodic  acid,  gaye,  among  other  products,  an  acid,  CgHi^O^, 

-which  was  identified  as  a/3)3-trimethylglutaric  acid,  afterwards  pre* 

pared  synthetically  by  Perkin  and  Thorpe*^    Balbiano's  acid  does 

not   possess  ketonic  properties,  for,   although   it   combines   with 

liydrozylamine  and  hydrazines,  the  products  are  of  the  nature  of 

Additive  compounds,  and  the  compound  almost  certainly  represents 

the  inner  ether  of  a  dlhydroxytrimethylglutaric  acid,  having  the 

structure, 

CH, 

I 
CH 

I 


GS3  •  C  •  CII3 

CH.COOH 

Balbiano's  acid. 


Its  appearance  in  company  with  oxalic  acid  ia  very  aimply  explained 
by  the  aid  of  Bredt's  formula: 


CH, 
OH, — C.COOH 


CH 


8 


I 

OHo  •  C  •  CH 


'3 


I 


3 


COOH     HO.  C.COOH 

I 
+  CH,.C.CH, 


CHjj — CH.COOH 

Camphoric  aoid. 


I 


COOH     HO.  CH.COOH 

Intermediato  product. 

CH3 

C.COOH 


O^^o.C.CH 


8 


.CH.COOH 


5.  Camphoric  add  is  a  derivative  qf  Cyclqpeniane,  The  presence  of 
a  5-carbon  ring  in  camphoric  acid  appears  very  probable  when  the 
following  evidence  is  considered.  Lapworth*  showed  that  when 
homocamphoric   acid    is  brominated  and  hydrobromic  acid  then 


^  Tram.  Chem.  80c,  1899,  76,  61. 
*  TVofia.  Chmn,  Soc.,  1900,  77,  1068. 
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remoTed,  an  ansatarated  dehydrohomocamphorio  acid  is  faani 
which  yields  oxalic  and  camphononic  acid  on  oxidation. 


XiOOH 


/ 


COOH 


I 


OH, .  COOH 


'2 


I  XJH.CHBr.OOOH 


Homocamphoric  acid. 
XIOOH 


CH.COOH 


a-Bromohomocamphorie  acid. 

/COOH     COOH 
►    C,H/  +1 

I         \C0  COOH 


Dehydrobomoounphorio  aoid.  Camphonooie  aoid. 

Now  camphononic  acid  is  a  saturated  ketonio  acid  vehich  may  abo 
be  obtained  by  heating  the  anhydride  of  homooamphoronic  add  t» 
200-260'. 

Homocamphoronic  acid,  which  is  probably  represented  by  one  of 
the  following  structural  formulae,  yields  camphononic  acid  as 
follows : 


CH, 

COOH .  CH. .  CH. .  C .  COOH     CH, 

I 

COOH 
or 
CH3 

COOH.  CH,.C.  COOH 


CH3 
I 
.COOH 


I 
CH3  •  C  •  CXI3 


+  OOj  +  HjO 


CH, 


CH, 


I 
CxjLq  •  G  ■  Cxi' 


8 


CO 
or 
CH3 

C . COOH 

I 


CH3.C.CH3     +CO,  +  H,0 


CHj,  •  COOH     CO CHj 


Homocamphoronic  acid. 


Camphononic  acid. 


Another  piece  of  evidence  of  a  similar  nature  has  been  contributed 
by  Noyes.^  Isohiuronolic  acid  (see  p.  520)  gives  on  reduction  • 
dihydro-derivative  in  which  one  a-hydrogen  can  be  replaced  bj 
bromine.  By  the  action  of  baryta  on  the  bromine  eompound 
a  hydroxy-dihydro-isolauronolic  acid  is  obtained  which,  on  oxidation* 
loses  carbon  dioxide  and  forms  a  ketone. 

C3H13.COOH    ^    CgHij.COOH    -►    CgH^Br.COOH 
->    C3Hi4(OH).COOH    -►    C3HX4O 

»  Ber.,  1899,  89,  2289. 
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This  ketone  was  synthesized  and  identified  as  2 : 8 : 8-trimethyl- 
eyclopentanone  in  the  following  way :  by  combining  sodium  methyl 
malonic  ester  with  y-bromoisocaproic  ester,  the  ester  of  a  tribasic 
acid  was  obtained  which,  on  hydrolysis,  gave  the  acid.  This  acid 
loses  carbon  dioxide  on  heating,  and  passes  into  a)3^-trimethyladipic 
add,  the  lime  salt  of  which  is  conyerted  by  heat  into  the  ketone  in 
question. 


/COOR    CHsv 
CHg.  C.  Na     +         >CBr .  CJHjj.  CHo.  OHo.  COOR 
\COOR    CH3/ 

COOR    CH. 

I  I 

^CHg.C C.CHa.CHo.C!Ha-COOR  +  NaBr 

I  I 

COOR    CH3 

CHs                                            CH3 
C.COOH  CH CO 

CHg.C.CHo  CHo-CCH. 

I  I 

CHa .  CH2 .  COOH  CHa — CHg 

ai9i3-Trimethyladipic  acid.        2:8:  S-Trimethyloyclopenianone. 

6.  Kom^^B  synthesis  of  camphoric  add.  This  sjmthesis  affords  the 
most  convincing  proof  of  the  correctness  of  Bredt's  formula.  Ethyl- 
diketoapocamphorate,  which  is  the  starting-point,  was  prepared  by 
Komppa^  by  condensing  ethyl  oxalate  with  ethyl  ^/3-dimethylgluta- 
rate  {p.  267). 

COjjR  HCH .  CO2R     CO CH .  CO3R 


I 
+  CH3.C.CH3 


CH3.C.CH3      +2C3H5OH 


COjjR  HCH .  CO^R     CO CH .  CO3R 

A  methyl  group  was  then  introduced  by  the  action  of  sodium  and 
methyl  iodide.  The  product  was  rdduced  to  dihydroxycamphoric  acid, 
and  then  boiled  with  hydriodic  add  and  red  phosphorus  and  con- 
verted into  the  unsaturated  acid,  dehydrocamphoric  acid.  The  latter 
combines  with  hydrobromic  acid,  and  forms  a  ^-bromocamphoric 
acid,  and  is  then  reduced  with  zinc  dust  and  acetic  acid  to  r-camphoric 
acid,  which  is  identical  with  the  racemic  product  obtained  from 
camphor  by  oxidation. 


I  Str.,  1901,  84,  2472 ;  1908,  86,  i882. 
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OH.OH- 


CH, 

C.CO.H 

I 
CHj.C.CHj 


HO .  OH- 


I 


CH, 
I 

OH, — C.CO^H       CH 
I  or 

CHj.C.CH, 


-cH.co,H     ca 

Dihydroxyoamphorie  acid. 

CHj 

CH, CH.COjH 

CHBr— 0— CO,H 

/I-Bromoeamphorio  aeid. 


I 


CH, 
<J.OO,H 


CB^.C.CH, 


C .  00,H       CH— 

Dehydrooamphorio  acid. 
CH3 

CH, — C.CO,H 
CM3  •  C .  CM3 

I 

CHj — CH .  COjiH 

r-Gamphoric  acid. 


CTEt.CO^ 


Haying  now  reviewed  the  principal  eyidenoe  in  fayour  of  Bredt's 
formula  for  camphor,  we  will  proceed  to  criticize  it  in  the  lig^t  of 
some  of  its  lees  salient  but  not  less  important  features. 

Both  camphor  and  camphoric  acid  are  optically  active.  Gamphor 
is  found  in  two  enantiomorphous  forms,  Japan  camphor  being  dextio* 
rotatory,  and  Matricaria  camphor  laeyo-rotatory ;  camphorie  aeid 
has  been  obtained  in  four  active  modifications,  a  d-  and  ^camphoiie 
acid  and  a  d-  and  I-isocamphoric  acid,^  and  two  racemic  oompoonds 
derived  from  them.  The  d-  and  ^camphoric  acids  are  obtained  from 
the  two  active  camphors  by  oxidation,  and  each  can  be  oonyerted 
into  the  corresponding  isocamphoric  compound.  The  formula  for 
camphoric  acid  harmonizes  with  the  existence  of  two  pairs  of  aeti?e 
enantiomorphs,  for  it  contains  two  asynmietric  carbon  atoms.  The 
four  active  compounds  may  be  represented  as  follows : 


C<  c —c/ 

:   XJOOH  i  \a 


COOH 


OOH 


K 


COOH 


CX)OH 
OOH 


yCOOH 

NXX)H 


d-Camphoric  acid.    2-Camphoric  acid. 


d-Isocamphoric 
acid. 


t-Iaooamphorio 
aeid. 


The  first  pair  have  a  cis,  the  second  a  trans  configuration,  and  in 
accordance  with  the  theory  the  former  yield  anhydrides,  whereas  the 
latter  do  not. 

The  reason  for  the  existence  of  only  two  active  camphors  is  not  so 
obvious,  for  camphor  contains  the  same  two  asymmetric  carbon 


^  Aschan,  Bir.y  18M,  87,  2001 ;  Annakn,  1902,  316, 196. 
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atoms  as  camphoric  acid.  There  is,  however,  this  difiference,  that 
tlie  two  carbon  atoms,  which  in  camphoric  acid  are  represented  by 
corbozyls  and  are  free  to  assimie  independent  positions,  are  linked 
together  in  camphor.  It  follows  that  there  are  only  two  active 
camphors  which  correspond  to  d-  and  2-camphorio  acid,  and  may  be 
represented  in  the  following  manner: 


CH,  CH3 

rL..--*  n sv^v 

■^'»'  CH. 


c< 


I   XIH, 


I 
•CH, 


H 

4-  and  ^Camphor. 

It  will  at  once  be  obvious  that  the  asymmetry  of  the  camphor 
molecule  as  represented  above  depends  on  the  presence  of  the  ketone 
^oup.  That  this  is  the  case  has  been  demonstrated  by  Aschan,^ 
who  succeeded  in  converting  the  ketone  group  by  reduction  into 
a  methylene  group  in  the  manner  indicated  below,  with  the  object 
of  producing  a  completely  symmetrical  and  consequently  inactive 
compound. 

/CO  XIH.OH  XIHI  XHa 

\CHa  ^CH,  \cH,  XIHg 

Camphor.  Bomeol.  Bomyl  iodide.  Gamphnne. 

The  reduction  was  carried  out  in  such  a  way  as  to  preclude 
racemisation,  with  the  result  that  the  hydrocarbon  camphane  was 
quite  inactive. 

Some  of  the  opposition  which  Bredt's  formula  at  one  time 
encountered  was  due  to  the  difficulty  of  reconciling  it  with  the 
production  of  substances  like  m-zylene  and  its  tetra-  and  hezahydro- 
derivatives.  The  formation  of  the  various  benzene  hydrocarbons, 
though  it  must  remain  more  or  less  a  matter  of  conjecture  owing  to 
the  difficulty  of  following  the  changes  in  detail,  is  readily  explained, 
since  it  is  now  a  well  established  fact  that  under  certain  conditions 
the  methyl  side-chain  of  a  cydopentane  derivative  may  become  fused 
into  the  ring  of  a  cyclohezane  compound.  The  conversion  of 
camphoric  acid  into  derivatives  of  m-zylene  may  very  well  take 
place  in  accordance  with  the  following  scheme: 

^  uiftnalen,  1901,  816,  229. 
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GOOHGEL 

i  I 

HCj       jC-OH, 


CHt 


+  2C0, 

Hezahydio  m-zylene. 


CH, 
+  C0t  +  00+H«O 

Tetnhjrdio  m-zylene. 


But  the  real  stumblixig-block  which  has  stood  longest  in  the  waj 
of  the  Bredt  formtda  has  been  the  intractable  nature  of  isolanronolie 
and  /3-campholenic  acid&  In  order  to  understand  the  positioa 
occupied  by  these  acids  it  is  necessaiy  to  consider  them  in  eonjune- 
tion  with  their  isomers  from  the  point  of  yiew  of  their  preparatioii, 
as  well  as  of  their  properties  An  acid  of  the  formula  OgHij .  OOOH, 
called  lauronolio  acid,  was  first  observed  by  Fittig  and  Woringer.' 
It  is  obtained  by  the  action  of  water  or  alkalis  on  bromocamphcMie 
anhydride,  or  by  the  dry  distillation  of  camphanic  acid  (see  p.  609). 

C10H14O4-  CgHia .  COOH + CO, 
These  reactions  appear  to  point  to  the  following  formula : 

CH, 

I  „ 

CHa — C.COOH 


^3 


I 


CH=CH 

But  this  acid  should  give  camphoronio  acid  on  oxidatfen 
(p.  508),  which  it  does  not»  but  on  the  contrary  forms  a  vaiiety 
of  other  products,  quite  irreconcilable  with  the  above  stnictuie.' 
A  second  lauronolic  acid  was  obtained  by  Bredt  from  a-chloro- 
camphoric  ester,  which  on  treatment  with  quinoline  loses  hydrogen 
chloride,  and  gives  the  ester  of  an  unsaturated  dibasic  acid  (debydio* 
camphoric  acid),  from  which  carbon  dioxide  can  be  removed  on 
heating  and  lauronolic  acid  generated. 


^  Afmalm,  1885,  2£7, 1. 


>  At.,  1900,  33,  2949i 
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GH, 


OH, 
.COOH 


I 


CSa  •  C  •  CStt 

I 

CHj — <X31 .  COOH 

a-CShloroeunphorie  «eter. 


CHj 
CH, — C.COOH 

CH==O.COOH 

Behydrooamphorio  ester* 


As  Bredi's  acid  giyes  camphoronic  acid  on  oxidation  it  must  Have 
the  structnre  originally  afisigned  to  the  previous  compound  I,  whilst 
Fittig  and  Woriuger's  acid  will  probably  be  represented  by  IL 


CHs 

CHg — O.OOOH 

I 
CM3  •  0  •  CXL3 

CH==CH 


CH- 


CHs 

-C.COOH 

CH3  •  C  •  CS3 

CH CHj 

II 


The  structure  of  Bredt's  acid  is  also  in  agreement  with  its  forma- 
tion from  a-camphoramic  acid.  The  latter  is  obtained  by  the  action 
of  ammonia  on  camphoric  anhydride,  and  its  constitution  is  deter- 
mined by  its  production  from  isonitrosocamphor  (see  p.  510). 

CH3 

CH, — C.COOH 
CMs  •  G  •  CM3 


■-8 


CH3 — CH  •  CO .  NH3 

From  it  Noyes  obtained  by  the  action  of  sodium  hypobromite  the 
amino  acid,  which  nitrous  acid  conyerts  partly  into  the  hydroxy- 
deriyatiye,  partly,  by  elimination  of  a  molecule  of  water,  into 
lauronolic  acid. 


CH3 
CHa — 0-COOH 
GHft  •  O  •  CHi 


CH 


'•8 


CH 


2" 


CH. 


■•3 


NH, 


CHj- 
CH, 
CHj 


I 


8 


COOH 


C.CH, 


I 


.OH 


CH, 
CHg — C.COOH 

CH3  •  C  •  CH3 
CH=CH 


The  same  acid  has  also  been  obtained  by  Walker  ^  by  the  electro- 
lysis of  the  sodium  salt  of  the  alio  ethyl  ester  of  camphoric  acid 


^  2hitM.  Chem.  Soc,  1898,  68,  495;  1896,  67,  837. 
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(see  p.  510).  According  to  the  usual  behaviour  of  dibasic  acid  esiei 
under  the  influence  of  the  current,  carbon  dioxide  is  split  oS,  is^ 
together  with  certain  other  products  an  unsaturated  acid  is  tomA 
EUiyl  sodium  succinate  gives  acrylic  ester. 

CHo.OOOR      CH.COOE      CH,.0OOR 

2    1  -II  +1  +C0, 

CHj  •  COO—     CH,  CH, .  COOH 

The  formation  of  lauronolio  acid  takes  place  in  aocordanee  irSk 
a  similar  scheme : 

CH3  CHj 

I  I 

CHj — C .  COOO.Hj      CHj — 0 .  COOOaHj 

CHj.O.CHj  /^  V 


CH3  •  C  •  CM3 

I 


I 


(Na) 


CHa — CH .  COONa      CH=CH 


By  the  same  process  Walker  converted  the  sodium  salt  of  ib« 
ortho  ethyl  ester  into  a  mixture  of  a-campholytic  and  isoliino- 
nolio  (cis-campholytic)  acids,  and  Noyes  obtained  the  same  two 
acids  from  ^-camphoramic  acid  by  repeating  the  same  series  of 
changes  which  produced  lauronolio  acid  from  the  a-oompound.  As 
isolauronolio  acid  is  easily  obtained  from  the  a-compound  by  boiling 
with  dilute  sulphuric  acid  they  have  been  regarded  as  stereoisomerie; 
but  this  is  doubtfuL  Assuming  it  to  be  the  case,  the  natural  inferanee 
would  be  that  both  acids  possess  the  formula, 

CH3 
CH=0 

CHo .  C  •  CHo 

I 
CHa — CH.COOH 

but  here  a  difficulty  arises,  for  the  isolauronolio  acid  is  undouUedlj 
an  a^-unsaturated  acid.  It  is  inactive,  which  would  scarcely  be  the 
case  if  the  above  formula  held,  seeing  that  it  contains  one  of  tbe 
original  asymmetric  carbon  atoms  of  camphoric  acid  undistoibed, 
and  it  cannot  be  resolved  into  active  constituents;  it  forms  a  dibromide 
from  which  alkalis  remove  not  only  hydrobnHnic  acid  but  fiso 
carbon  dioxide,  a  change  which  Fittig^s  researches  have  sbotni 
to  be  characteristic  of  a^«unsaturated  acids.  Furthermore,  dihydro 
isolauronolio  acid,  obtained  from  the  original  acid  by  reduction,  gi^ 
on  bromination  a  monobromo  derivative,  from  which  alkalis  remove 
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hydrogen  bromide  and  regenerate  isolauronolic  acid.  As  the  bromine 
substitutes  hydrogen  in  the  a-position  to  the  carbozyl  the  double  link 
must  necessarily  occupy  the  a)3-position. 

The  synthesis  of  isolauronolic  acid  by  Perkin  and  Thorpe^  has 
fixed  the  structure  beyond  all  doubt. 

CH3 

HOOO.C==0 

I 
CS3  •  C  •  CM3 

Isolauronolic  acid. 

But  how  is  such  a  structure  to  be  reconciled  with  its  formation 
from  )8-camphoramio  .and  ortho  camphoric  ester?  Avery  simple 
explanation  has  been  suggested  by  Blaise  and  Blanc'  and  by 
liapworth,'  which  is  based  upon  a  change  similar  to  the  pinacone- 
pinacoline  conversion  (see  p.  209).  Supposing  in  the  above  structure 
one  of  the  1 : 1-methyl  groups  paiased  to  the  adjoining  carbon  with 
a  corresponding  readjustment  of  the  double  bond,  an  acid  of  the 
required  formula  is  produced. 

CH3  CH3 

I  I       „ 
CH^=^C  -^                    OH2— C .  CH. 

II  -^  I      ^. 
CH3.O.CH8                           O.CH3 

I  ii 

CHj, — CH .  COOH  CHa— C .  COOH 

The  difSculty  involved  in  dealing  with  such  mobile  complexes  as 
camphor  and  its  degradation  products  is  further  illustrated  by  the 
behaviour  of  isolauronolic  acid  on  oxidation.  According  to  Koenigs 
and  Heyer^  it  yields  isolauronic  acid,  G9H12O3,  which  Perkin,  jun./ 
characterized  as  a  ketonic  acid,  and  Blanc '  identified  as  a  cyclohexane 
derivative.  Blanc's  view  was  arrived  at  from  the  observation  that 
isolauronic  acid  on  reduction  forms  a  dihydro  derivative,  G9H24O3, 
which  on  heating  with  sodium  hypobromite  loses  carbon  dioxide 
and  gives  aa-dimethyladipic  acid.  These  changes  are  explained 
as  follows : 

TrwM.,  1904,  86,  128. 

BuU.  80c  Chim.,  1900  (8),  28, 167. 

B,  A,  R$poirt8, 1900,  826. 

Bar,,  1894,  27,  8468. 

Trans,  Chvm.  8oe.,  1898,  78,  802. 

CompU  rend,f  1900, 180,  840. 
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COOH    CH. 

I  I 

C  0 

CH,.O.CH 


O, 


I 


s 


CH, CH, 

laoUuronolio  acid. 


COOH    CH. 

I  I 

CO  CO 

I 

CH3  •  C  •  CXI3 
CH, CH, 

Intermedutte  prodaeL 


— H,0 


CH 


COOH^  C 


^ 


^O 


I 


H, 


CH3.C.CH, 

CH,        CH, 
laolaoronio  acid. 


COOH .  HO 


ICOOiH 


H,C 


CO 
CH3  •  C .  CM3 


CH, 


Dihydro-lsoUoronic  acid. 


0.  COOH.CH       COOH 

I 
CMtt  •  G  •  CH* 

I 
HjjO CH, 

oo-Dimethyladipio  acid. 


It  ia  only  another  case  of  the  convertibility  of  cyclopentane  and 
cyclohezane  structures  (see  p.  517). 

The  theory  of  the  formation  of  isolauronolic  acid  has  served  to 
explain  the  structure  of  )8-campholenic  acid.  There  are  two,  a-  and  )3-, 
campholenic  acids.  They  can  be  obtained  in  a  variety  of  ways^  as^ 
for  example,  by  the  dehydration  of  camphorozime,  which  yields  the 
nitriles  of  the  two  acids  in  question. 

CioHie :  NOH  -  C9H15CN  +  H3O 

Like  a-campholytic  acid,  a-campholenio  acid  can  be  converted  by 
the  aid  of  different  reagents  into  the  )3-compound,  which  is  probably 
a  secondary  product  of  the  above  reaction.  The  structure  of  ibe 
a-compound  offers  no  difficulty.  It  is  dextro-rotatory,  and  containa 
therefore,  an  asymmetric  carbon  ;  it  gives,  on  oxidation,  sucoesaiTelj 
a  dihydroxy  derivative,  isoketo-camphoric  acid,  and  finally  iso- 
camphoronic  acid,  the  structure  of  which  has  been  ascertained  by 
synthesis  (p.  289).^  All  these  changes  are  expressed  simply  and 
naturally  as  follows: 


^  Perkin,  jun.,  TrosM,  Chfm,  Soc,  1899,  75,  897. 
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CH: 


CH, 


COOH 


s 


I 
CHa — CH CH, 

a-Campholenio  aeicL 


CH, 
COOH  CO 
CHo  •  C  •  CH 


COOH 


'■s 


I 


3 


CH, — OH CH, 

Isoketo-oamphorle  aold. 

COOH    COOH    COOH 


CH, 
CH, 


I 


0*  CHo 

<!h_ 


OH, 


Isocamphoronio  aoicL 

The  )3-acid,  on  the  other  hand,  is  inactiye,  and  yields  an  inactive 
dihydroxy  deriyative  on  oxidation,  which  subsequently  breaks  up 
into  oxalic  acid  and  y-acetyldimethylbutyric  acid.  The  appearance 
of  these  two  acids  in  conjunction  with  a  structure  wlv^ch  contains 
no  asymmetric  carbon  is  at  first  a  little  perplexing ;  but  the  observa- 
tion that  isolauronolic  acid  gives  the  same  y-acetyldimethylbutyric 
acid  has  suggested  the  homology  of  the  two  acids  and  the  probability 
of  a  similar  shifting  of  a  methyl  group  in  the  formation  of  the 
j3«  from  the  a-compound* 


CH 


CH3 

CH3  •  C  •  CH3 
-CH 


CH 


COOH 


CH,- 


I 


s 


CH,  COOH 


CH, 


-CH, 

a-Gampholenie  acid. 


"■a 


I 

C  •  CH3 

I 


CH, 


CHg — C CHj 

i3-Oampholenio  acid. 

CH, 
-C  •  CH3 

I      _ 

CO .  CH. 


CHa — COOH 

Aoetyldimethylbutyrio  acid. 

Our  account  of  camphor  must  draw  to  a  close.  The  manifold 
changes  of  this  mobile  molecule— a  veritable  Proteus  among  organic 
compounds— are  far  from  being  exhausted,  but  the  reference  books 
must  be  consulted  for  further  information.  Our  object  in  the  fore- 
going account  has  merely  been  to  give  the  reader  some  idea  of  the 
transformations  which  camphor  and  its  products  undergo  under 
different  conditions^  and  to  throw  some  light  on  the  difficulties  which 
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have  attended  the  inquiry  into  its  structural  formula.  The  diseovBiy 
of  the  constitution  of  camphor  has  now  been  accomplished,  and  tb 
experience  thus  gained  has  vastly  increased  our  knowledge  of  cjdk 
structures. 

The  Olefinio  Terpenes  and  Camphors.    The  constitiientB  d 

the  essential  oils  which  have  been  described  in  the  previous  fleeti«n 
belong  to  saturated  or  unsaturated  cyclic  systems;  but  in  reeeot 
years  a  new  group  of  open-chain  compounds  of  the  formnU 
GiJELi^y  GiJ3.ifif  and  OioH^gO  has  been  discovered  and  described  bj 
Tiemann  and  Semmler,  and  named  by  them  dlefifUe  ierpenes  and 
camphors.  The  name  does  not  merely  indicate  similarily  in  con- 
position  with  the  terpenes  and  camphors,  but  a  very  close  relatiaii- 
ship  in  chemical  structure.  Moreover,  they  have  been  reoogniaed 
as  responsible  in  a  great  measure  for  the  delicate  aroma  of  those 
essential  oils  in  which  they  occur.  The  perfume  of  orange-bloasoDX 
rose,  and  lavender  is  due  to  the  presence  of  minute  quantities  d 
these  substances.  They  exhibit  among  themselves  a  certain  similaritj 
in  structure  and,  at  the  same  time,  show  an  immistakable  oonnectico 
with  the  terpene  and  camphor  group.  They  contain  ten  carbon 
atoms,  which  are  disposed  in  such  a  way  that  six  form  a  stiai^ 
chain,  three  of  them  form  an  unsaturated  isopropyl  group  attached 
to  one  end  of  the  chain,  and  the  tenth  a  methyl  group  at  the 
fourth  carbon  atom  from  the  end  of  the  chain.  In  other  worda^ 
the  grouping  may  be  conceived  to  resemble  that  of  a  monocyelie 
terpene  or  camphor  in  which  the  ring  has  been  ruptured. 

The   following   is   the   probable   structure   of  some  of  these 
compounds : 

Geraniol  CH .  CHa .  CHg .  0: CH .  CH,.  OH 

and  Nerol  II  I 

C  CH, 

CH3  CH3 

Citral  CH.CHj.CHj.CrCH.CHO 

and  Neral  II  I 

0  CHs 

CHj  CH3 

Linalol  CH.  CHo  .GHg.  CI(OH).  CH:CH« 

II  I 

0  CH, 

CH3  CH3 


1 
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GitroneUol        CH, .  CH, .  CH, .  CH .  GH, .  CH, .  OH 


i 


I 

CH 


CM3  CMg 


8 


Citronellal 


I  I 

0  CH, 


CH3    CH2 


This  conception  is  not  a  purely  theoretical  one,  for  we  shall  see 
presently  that  cydio  terpenes  can  be  prepared  by  simple  methods 
£rom  these  compounds,  and,  by  a  reversal  of  the  process,  certain 
cyclic  compounds  may  be  converted  into  open-chain  members  of  the 
^Toup. 

Thus,  citronellal  when  heated  with  acetic  anhydride  changes  into 

opulegol,  and  on  oxidation  into  isopulegone. 


CH.CHj 


"CHO 


HOH 


aCr^NcH, 


H.d 


teo 


[g  CJH, 

IsopulegoL 


CH 

I 
C 

CfHa  CHj 

Isopulegone. 


CiironeUaL 

and  the  latter,  by  the  action  of  baryta,  undergoes  isomeric  change 
to  pul^one. 

CH.CHg 

H.Cj^'^Ha 

sAJgo 

0 :  C(CH8)j| 
Pulegone. 

Linalol  in  presence  of  formic  add  at  80^  is  converted  into  a  mixture 
of  dipentene  and  terpinene.^  This  change  is  doubtless  brought  about 
in  the  first  instance  by  the  isomeric  change  of  linalol  to  geraniol, 
which  acids  are  known  to  effect    By  the  removal  and  subsequent 


1  /.  prakU  Ckm.,  1892  (2),  46,  eOL 
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addition  of  the  elements  of  water,  ring  formation  oocais  with  ib 
production  of  terpin,  followed  by  that  of  dipentene  and  terpinaiML 

C.CH3  C(OH).OH5 

H,c/\0H 

Hs(i      loHjOH 

CH 

II 
C 

/\ 

CH3    CH3 

Geraniol. 


C(OH) 
CH3  CH3 

Terpin. 


An  example  of  formation  of  an  open-chain  structure  from  a  cjdk 
ketone  is  presented  by  menthone,  which  by  the  following  series 
of  operations  yields  a  product  isomeric  and  possibly  identical 
with  citronellal  and  haying  the  perfume  of  roses.  The  ketone 
is  conyerted  into  the  oxime,  which  by  dehydration  giyes  mentho- 
nitrile.  The  latter  is  reduced  in  the  ordinary  way  to  menthoDyl- 
amine,  which  is  then  decomposed  by  nitrous  acid.  The  alcohoL 
thus  formed,  is  oxidised  to  the  aldehyde. 

CH:CH3  CH.CH3  CH.OH, 


H.c/\CH 


C:NOH 


H,C* 


2 


c/NcH 


CH .  CH(CH3)2 

Uenthoneoxime. 


V      "CN 
CHrCCCHj)^ 

Menthonitrile. 


a 


'\ 


'OH*.NH, 


CH:0(C5H^ 

Menthonjlamine. 
CH  •  CH3 

HjC/\cH, 


"CHg.OH 
CH :  CCCHg), 


Hod 


•CHO 


CH:C(CH3)j 

Menthonylaldehyde. 


Menthonylalcohol. 

The  importance  of  the  olefinic  terpenes  and  camphors  from  an 
industrial  point  of  yiew  cannot  be  estimated  too  highly ;  for  the 
aroma  of  many  perfumes  is  undoubtedly  due  to  their  preeenccL 
Their  scientific  study,  which  is  intimately  linked  with  the  industry 
of  the  essential  oils,  has  prepared  the  way  for  new  deyelopments 
in  synthetic  chemistry. 

The  following  is  a  brief  description  of  the  more  important 
members  of  this  group  of  compounds : 

Geraniol.    In  1890  Semmler  showed  that  the  alcohol  isolated  by 
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JTacobsen'  in  1871  from  Indian  geranium  oil  (by  means  of  the  solid 
compound  which  it  forms  with  calcium  chloride),  and  having  the 
formula  C10H13O,  was  not  a  cyclic  compound  ;  but  by  reason  of  the 
additive  compound  which  it  forms  with  bromine,  and  its  constant  of 
refraction,  must  contain  two  double  bonds,  and  was  in  all  probability 
an  unsaturated  open-chain  compound.     Oeraniol  is  widely  diffused, 
being  found  in  Qerman  and  Turkish  rose  oil,  in  citronella  and  lemon- 
grass  oils,  and  in  smaller  quantities  in  ylang-ylang,  lavender,  and 
oilier  essential  oils.    On  careful  oxidation  with  chromic  acid  mixture 
it   is  converted  into  an  aldehyde,  citral,  a  substance  which  is  also 
found  in  nature  in  different  kinds  of  lemon  oil.'    As  geraniol  can  be 
obtained  from  citral  by  reduction,  and  as  citral  has  been  prepared 
artificially  (see  below),  geraniol  must  also  be  ranked  among  synthetic 
products.  It  is  further  obtained  from  linalol,  which  undergoes  isomeric 
change  on  heating  with  acetic  anhydride,  and  conversely,  geraniol  can 
be  transformed  into  linalol  by  heating  with  water  to  200°,  whilst 
certain  dehydrating  agents,  like  potassium  hydrogen  sulphate,  con- 
vert geraniol  into  the  olefinic  terpene  geranienef  CioH^q  ;  formic  acid 
produces  dipentene  and  terpinene,  and  a  mixture  of  acetic  and 
sulphuric  acid  forms  terpineol  (m.p.  85^.     The  structure  of  geraniol 
depends  upon  that  of  citral. 

CittxU  (jsieranial)  is  a  common  constituent  of  essential  oils,  and  it  is 
to  this  substance  that  lemon  oil  owes  its  delicate  aroma.  It  is  very 
abundant  in  lemon-grass  oil  (70-80  per  cent.),  and  is  an  important 
constituent  of  orange,  mandarin,  limette,  and  certain  kinds  of 
eucalyptus  oil.  It  is  a  di-olefinic  aldehyde,  for  it  gives  the  usual 
reactions  for  aldehydes,  including  its  conversion  into  geranic  acid  on 
oxidation,  and  it  also  unites  with  two  molecules  of  bromine.  It  is 
very  sensitive  to  acid  reagents,  and  by  the  action  of  dilute  sulphuric 
acid  and  potassium  bisulphate  it  loses  water  and  passes  into  cymene. 


3 


C.CH 
H^c/NcH 


H 


2CI 


CHO 


CH 
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c 

/\ 

CH3  OHj 

Citral. 


C.  CM3 

HclJoH 

0 

I 
CH 

CH3  CHs 


+  H,0 


>  ArnuOin,  1871, 157|  93a. 


»  Semmler,  B$r.,  1891,  24,  201. 
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Its  stnicture  is  derived  from  its  behaviour  with  chromic  acii 
mixture^  which  breaks  it  up  into  methylheptenone  in  the  firtk 
instance,  and  finally  into  acetone  and  levulinio  acid, 

>C  :  GH .  CH. .  CH, .  C :CH.  CHO 

CH, 

CitnO. 

CH,v 
-»  >C:CH.CHj,.CH,.CO.CH, 

CH3/ 

Hethylheptenone. 

-♦         *\C0. +H00C.CH,.CH..00.CH3 
CH/ 

Acetone.  LeTalinlo  aei<L 

and  also  from  its  conyersion  into  methylheptenone  and  acetaldehjdi 
by  the  action  of  potassium  carbonate. 

(CH3),C :  CH .  CH, .  CH,  •  CCCHj) :  CH .  CHO 

-C(CH8)j:CH.CHa.CH,.CO.CHj  +  CH8.CHO 

The  syntheses  of  citral  and  geranic  acid  which  confirm  the  aboine 
formuhi  have  been  effected  by  Barbier  and  Bouveault  ^  £rom  meth]^- 
heptenone  in  the  following  way:  the  latter  reacts  with  zinc  and 
iodaoetic  acid  (p.  268),  giving  the  compound, 

XIH, .  COOH 
qCHa)j :  CH .  CH,  .CH, .  C^OZnl 

\CH3 

which  is  converted  on  the  addition  of  dilute  acid  into  the  hydroxy  ndi, 

CCCHjj), :  CH .  CH,  •  CH, .  CCCHJOH .  CH, .  COOH 

losing  water  and  yielding  geranic  acid  on  distillation  with  acetic 
anhydride.  By  distilling  the  calcium  salt  of  geranic  acid  wiQi 
calcium  formate  Tiemann  *  obtained  citral. 

Linalol  is  widely  distributed,  and  occurs  in  optically  active  forma 
It  is  dextrogyrate  in  coriander  oil,  but  in  no  other  oil,  whereas  the 
laevo  compound  is  found  partly  free  and  partly  as  linalyl  acetate  in 
the  oils  of  luudoes,  bergamot,  neroli,  petitgraan,  limette^  spikc^ 
lavender,  sage,  thyme,  spearmint^  origanum,  ylang-ylang,  &c  It 
readily  undergoes  change  with  acids ;  organic  acids  convert  it  into 
the  isomeric  geraniol,  whilst  small  quantities  of  sulphuric  aeid  pro- 

1  Compt  rtnd.,  1896^  122,  89S.  >  Btr.,  1898^  Sl,  887. 


THE  OLEFINIC  TEBPENES  AND  CAMPHORS       529 

lixce  ierpineol,  and  by  shaking  with  5  per  cent,  sulphuric  acid 
eipin  hydrate  is  formed.  Its  conversion  into  dipentene  and  ter- 
>ijiene  has  already  been  described  (p.  625). 

Its  close  connection  with  geraniol,  combined  with  its  optical 
ftotivityy  indicates  the  formula  given  on  p.  524. 

CitroneUol  contains  two  atoms  of  hydrogen  more  than  geraniol  and 
linaloL  It  is  found  in  geranium  oils  in  both  active  forms,  the 
lAevogyrate  predominating.  Mixed  with  geraniol  it  is  present  in 
v&rious  rose  oils.  It  can  also  be  prepared  artificially  from  the 
aldehyde  citronellal  by  reduction. 

Citrandlaif  the  chief  constituent  of  citronella  oil  (from  Andtppogon 
nardua)  and  oil  of  EucaHi/iptua  maculata,  is  frequently  found  accompany- 
ing^ citral  in  lemon  and  rose  oil,  from  which,  however,  it  is  easily 
distinguished  by  its  optical  activity.    Its  structure  is  determined  by 

oxidation,  which  breaks  it  up  into  acetone  and  ^-methyladipic  acid. 

It   is  an  interesting  fact  that  acetic  anhydride  converts  citronellal 

into  the  isomeric  isopulegol,  which  can  be  transformed  successively 

into  isopulegone  and  the  natural  pulegone  (p.  525). 

NercHj  which  is  found  in  neroli  and  petitgrain  oil,  and  its  oxidation 

product,  nemly  are  probably  stereoisomeric  with  geraniol  and  citral.^ 

Vatnral  and  Ariifieial  Perftunes.  The  history  of  perfumes  and 
essences  carries  us  back  to  very  remote  times,  but  the  scientific  study 
of  the  chemical  nature  of  the  substances  which  afford  the  aroma  is  of 
comparatively  recent  date,  and  may  be  said  to  have  begun  with  the 
researches  of  Wallach  and  Tiemann  a  quarter  of  a  century  ago.  The 
results  of  some  of  these  investigations  have  been  presented  in  the 
foregoing  pages,  in  which  the  properties  of  the  terpenes  and  camphors 
and  their  olefinic  analogues  are  described,  but  the  list  of  aroma- 
bearing  constituents  of  plants  is  by  no  means  complete.  Some  of  the 
simpler  aromatic  compounds,  like  oil  of  bitter  almonds  (benzaldehyde), 
oil  of  wintergreen  (methyl  salicylate),  methyl  antbranilate,  thymol, 
carvacrol,  eugenol,  vanillin,  ooumarin,  safrole,  anethole,  and  many 
other  natural  perfumes  have  not  been  included,  and  little,  if  any- 
thing, has  been  said  on  the  subject  of  their  artificial  preparation. 
The  knowledge  that  a  peculiar  perfume  had  its  origin  in  a  definite 
chemical  individual  which  could  be  isolated  in  a  pure  and  therefore 
concentrated  form,  the  development  of  analytical  processes  which 
effected  the  separation  of  these  constituents,  and  finaUy  the  attempts, 
•     which  in  many  cases  were  carried  to  a  successful  issue,  of  producing 

• 

>  Zeitodiel,  Btr.,  1906,  89, 1780. 
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the  aroma-bearing  substance  artificially,  have  given  an  extraordiotiT 
impetus  to  the  development  of  the  perfume  industry,  especially  by 
chemical  manufacturers  in  Germany.  The  history  of  this  develop- 
ment is  only  another  instance  of  the  successful  application  of  poR 
science  to  technology,  of  which  the  artificial  colour  indu^tiy  is  m 
striking  an  example. 

We  do  not  propose  to  do  more  than  to  give  a  brief  aeeouot  of 
some  of  the  mora  important  natural  and  artificial  petfdmes  not 
included  among  the  substances  already  described.  Shortly  after 
Mansfield's  discovery  of  the  production  of  nitrobensEene  from  baDseDe 
in  1847,  Collas  introduced  it  as  '  essence  of  mirbane '  into  eommsne. 
A  few  years  later  the  esters  of  the  &tty  acids  appeared  as  appk 
pine-apple^  pear  essences,  &c  In  1844  Cahours  found  that  methjl 
salicylate  was  the  chief  constituent  of  wintergreen  oil,  and  tUi 
discovery  soon  led  to  its  artificial  preparation  from  synthetic  salievlk 
acid. 

In  1868  Cahours  found  a  process  for  preparing  benzaldehyde  fron 
benzal  chloride,  and  this  discovery  was  the  forerunner  of  other  aiti- 
ficial  aldehydes  with  characteristic  scents ;  in  1875  Perkin  Mnaed 
coumarin  synthetically  (p.  279) ;  in  1888  artificial  musk  (trimtrD- 
^-butyltoluene)  was  discovered  by  Baur,  and  other  strongly  scented 
di-  and  tri-nitro  compounds  have  since  appeared. 

The  first  synthesis  of  vanillin,  the  sweet-smelling  constitaent  of 
the  vanilla  pod,  of  which  it  constitutes  about  1  per  cent,  was  aoeoiB- 
plished  by  Tiemann  and  Haarmann  in  1875.  It  was  obtained  by 
oxidising  coniferyl  alcohol,  a  constituent  of  the  glucoside,  oonifcna 
(p.  349).  In  the  following  year  coniferyl  alcohol  was  replaced  liT 
eugenol,  which  is  present  to  the  extent  of  70-90  per  cent  in  ofl  of 
doves.  Eugenol  is  first  converted  by  boiling  amyl  alcoholic  potaak 
into  isoeugenol,  which  is  then  oxidised  to  vanillin. 


"CHj.CHrCHj         CH3OI     JCHrCH.CHa 

Eugenol.  IsoeugwioL 


CHga     XIHO 

Vanillin. 

Since  then  a  dosen  different  methods  have  been  devised  for  pi^ 
paring  this  substance,  and  are  described  in  books  of  reference. 


NATURAL  AND  ARTIFICIAL  PERFUMES 


581 


Of  the  many  artificial  aldehydes  which  are  used  as  perfumes  the 
following  may  be  mentioned:  cumvnaldehyde  gives  the  odour  to 
<$iimin  oil ;  saUcylaldehyde  is  present  in  spiraea  oil,  and  is  obtained 
^artificially  by  the  action  of  chloroform  and  potash  on  phenol  by 
Beimer's  reaction^  and  by  other  methods. 

.OH 
CeHflOH  +  CHClo  +  3K0H  =  C6H.<        +  8KC1  +  2H2O 

XIHO 

AniacMehifde  is  prepared  by  the  oxidation  of  anethole,  the  chief 
constituent  of  anise  oil,  and  has  the  odour  of  hawthorn. 

CH.0/N  CH«0/^ 


^8' 


/H  s  Gxi  •  CMo 


x/' 


!H0 


Anethole.  AniBaldeliyde. 

Oinnamic  aldehyde  or  cinnamol  is  the  chief  constituent  of  cinnamon 
«nd  cassia  oil  (75-90  per  cent.) ;  p^pertmal  or  heliotropin  is  obtained 
£rom  safirole,  which  is  first  converted  into  isosafrole  and  then  oxidised, 
4Uid  possesses  the  scent  of  heliotrope. 


a 


<k.». 


OH, 


"■<dO 


Safrole. 


■^ 


CHiCH.CHs 

Isoaafirole. 


Piperonal. 

Opioid  is  an  ether  related  to  safrole,  and  is  the  aromatic  constituent 
of  parsley  seed  oiL 

OCH3 
.Or 


H< 


HrCH.CH, 


Apiole. 

The  aliphatic  ketones  which  are  found  in  nature,  and  have  been 
prepared  artificially,  include  methyOieptenonej 

{CR^CiCR.  CHg.  CHj.CO.  CH3 

which    smells    like   amyl    acetate    and    methyl    nonyl   ketone, 
OHa-CIO.C^Hio,  which  imparts  the  scent  to  oil  of  rue. 
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The  natural  cyclic  ketones  play  a  very  important  rdle  as  pedanm, 
and  many  of  them  haye  already  been  described  (p.  504).  The  most 
interesting  is  inmej  the  natural  perfume  of  the  yiolei,  wliich  has  bea 
so  closely  imitated  in  the  form  of  ionone  by  Tiemann,  both  id 
structure  and  scent,  as  to  rank  among  the  crowning  aohievementB  in 
organic  synthesis  (p.  275). 

Ckavicol  and  esiragol  are  related  to  anethole,  and  accompany  it  in 
aniseed  and  other  oils. 

Among  recent  discoveries  in  the  chemistry  of  perfumes  is  that  of 
methyl  anthranilate  and  indole,  both  of  which  impart  their  aroma  t» 
jasmine,  whilst  methyl  anthranilate  is  also  present  in  neroli,  lemon 
and  seyeral  other  essential  oils. 

The  following  table  contains  some  typical  examples  of  eaaential 
oils  and  their  chief  constituents.  The  less  important  conatitufiiils 
are  bracketed. 


Name. 
Anise  oil. 

Bay  oil. 

Bergamot  oiL 
Cassia  oil. 


Caraway  oiL 
Camphor  oil. 


Chamomile  oil 
(Roman). 

Cinnamon  oil 

(Ceylon). 
CloTe  oil. 


Coriander  oil. 
Cumin  oil. 

Eucalyptus  oil. 

Fennel  oil. 

Geranium  oil 
(East  Indian). 

Geranium  rose 
oiL 

Jasmine  oil. 


Sourte, 
Pimpinella  anisum. 

Pimenta  acris. 

Citrus  bergamea. 
Cinnamomum  cassia. 


Carumcarvi. 
Cinnamomum  oamphora. 


Anthemis  nobilis. 

Cinnamomum  Zeylanicum. 
Eugenia  caryophyllata. 

Coriandum  sativum. 
Cumlnum  oymium. 

Eucalyptus  globulus. 

Foenioulum  vnlgare. 

Andropogon  schoenanthus. 

Pelargonium  odorat. 

Jasminum  grandiflorum. 


Conaiihient&, 

Anothole,  estragol  (anise  alde- 
hyde and  *  anise  ketone  *). 

Eugenol,  myrcene  C]^m,  eha- 
viool,  methyl  eugenol,  estngo^ 
phellandrene. 

Linalyl  acetate,  linalol,  d-Ujoo- 
none,  bergaptone  C|^t^4- 

Cinnamic  aldehyde,  rinnawyi 
acetate  (cumario  aldehyde, 
methyl  ether). 

Carrone  (d-limonene). 

d-Pinene,  phellandiKoie,  dipen- 
tene,  cadinene  C^H^ ,  eugenol, 
safrole,  terpineol^aoetaldehyde, 
cineoL 

Isobutyl,  iaoamyl,  and  hezTl 
esten  of  isobntyrio,  angslicr 
and  tiglio  aeida. 

Cinnamic  aldehyde  (eugenol). 

Engenol  (caryophyllene  C^fl^ 
eugenol  acetate,  ftirfttM 
methyl  alcohol,  salicylie  »dd\ 

Linalol  (d-pinene). 

Cumic  aldehyde  (enminol),  cy- 
mene. 

Cineol,  d-pinene  (butyric^  Taknc, 
and  caproic  aldehydes). 

Anethole,  fenchone,  dipenten^ 
d-pinene. 

Geraniol,  citronellol. 

Geraniol,  citronelloL 

Benzyl  acetate,  linalol,  beniyl 
alcohol,  linalyl  acetate^  methji 
anthranilate,  indole. 
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Kame» 
Xavender  oiL 

Xjemon  oil. 


Sourcf. 
Lavandula  vera. 

Citrus  limonum.  * 


Jjemon-graasoil.  Andropogon  citratus. 

IVeroli  oil.  Citrus  bigardia  (blossoms). 

Orange  oil.  Citrus  aurantium  (rind). 

Peppermint  oil.  Mentha  piperita. 


ine>needle  oil.     Pinus  sylvestris. 
oil.  Bosa  dajnasoena. 


Sosemary  oil.       Rosamarinus  officinalis. 


oiL 
Vas  oil. 


Spearmint  oil. 
Star  anise  oil. 


Tansy  oil. 
Thyme  oil. 


Salvia  officinalis. 
Sassiufras  officinalis. 

Mentha  viridis. 

lUicium  anisatum. 


Tanacetum  vulgare. 
Thymus  vulgaris. 


Wormwood  oil.     Artemisia  absinthum. 


Ylang-ylang  oil.    Cananga  odorata  (flowers). 


Constituents, 

{-Linalyl  acetate,  linalol  (pi- 
nei^e,  cineol). 

Limonene,  phellandrene,  citral 
dtronellaly  geranyl  acetate, 
linalol. 

Citral  (citronellal,  methylhep- 
tenone,  geraniol). 

2-Linalol,  linalyl  acetate,  gera- 
niol, methyl  anthranilate,  li- 
monene. 

d-Limonene  (citral,  citronellal, 
methyl  anthranilate). 

Menthol  and  menthyl  esters  of 
acetic,  valeric,  and  other  acids, 
menthone  (pinene,  phellan- 
drene,  Mimonene,  cineol,  cadi- 
nene  Ci^H^^,  acetic  and  iso- 
valeric aldehyde,  methyl  sul- 
phide and  anyl  alcohol). 

d-Pinene,  d-sylvestrene. 

Geraniol,  2-citroneIlol  (geranyl 
acetate). 

Pinene,  camphene,  cineol,  cam- 
phor, bomeoL 

Pinene,  cineol,  thujone,  bomeol. 

Safirole  (pinene,  phellandrene, 
camphor,  eugenol). 

2-Iiinalol,  Z-carvone  (cineol,  Mi- 
monene). 

Anethole  (e{-pi{iene,  2-phellan- 
drene,  estragol,  quinol,  ethyl 
ether,  safrole). 

Thujone  (camphor,  bomeol). 

Thymol  or  carvacrol  (cymene, 
2-pinene,  bomeol,  linalol). 

Thujone,  iJiigyl  alcohol,  free  and 
combined  with  acetic,  isova- 
leric, and  palmitic  acids,  phel- 
landrene and  cadinene. 

^Linalol,  geraniol,  benzoic  ester, 
l>-cre8ol,  methyl  ether,  cadi- 
nene. 
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CHAPTER   XIV 

THE  ALKALOIDS 

Ajcoho  vegetable  products  numerous  oily  and  crystalline 
substances  termed  alkaloids  haye  been  found,  which,  in  consequen0» 
of  yery  marked  physiological  properties,  have  been  objects  of  special 
interest  to  the  chemist  and  physiologist  The  first  of  these  sabstuictt 
to  be  isolated  was  a  crystiilline  compound  obtained  from  opiom  br 
Derosne  in  1808,  and  called  by  him  opium  saU,  but  he  failed  to 
recognize  its  basic  character.  In  1806  Sertttmer,  a  German  apothe- 
cary of  Eimbeck,  independently  discovered  the  same  erystalline 
substance,  which  he  called  morphium  and  pointed  out  its  <^Hr^lii«» 
nature.  At  the  same  time  he  separated  an  acid  which  he  eaDed 
meconic  acidj  and  expressed  the  view  that  the  two  substances  Gxhtti 
in  opium  in  combination.  This  investigation  remained  unnotieed  at 
the  time ;  but  a  second  paper  published  by  him  in  1817,  *  Ueber  das 
Morphium,  eine  neue  salzfthige  Grundlage  und  die  Mekonsfiure  als 
Hauptbestandtheile  des  Opiums,'  attracted  the  attention  of  chemiatB, 
who  thereupon  began  to  search  among  vegetable  products  for  similar 
substances.  Success  attended  their  efforts.  In  the  same  year  Boblquet 
found  narcotine  in  opium ;  in  1818  Pelletier  and  Gaventou  obtained 
strychnine  from  nux  vomica ;  in  the  following  year  they  separated 
brucine,  and  in  1820  they  prepared  quinine  and  cinchonine  from 
cinchona  bark.  Since  then  scarcely  a  year  has  passed  without  tfat 
discovery  of  one  or  more  alkaloids.  At  the  present  time  the  number 
exceeds  two  hundred,  and  the  field  is  not  exhausted. 

These  vegetable  bases,  all  of  which  contain  nitrogen,  were  regarded 
as  conjugated  ammonias  by  Berzelius  (p.  3d),  and  as  substituted 
ammonias  by  LLebig  and  Hofmann,  the  latter  recognizing  the  m^joritr 
of  them  as  tertiary  bases.  Numerous  attempts  to  carry  the  investi- 
gation of  these  compounds  further,  and  to  explain  their  structure, 
proved  unsuccessful,  until  it  was  discovered  that  certain  basic  oihy 
found  by  Anderson  in  bone-oil  and  by  Bunge  and  Greville  Williams 
in  coal-tar,  were  identical  with  the  compounds  obtained  by  Gerhardt 
by  distilling  some  of  the  alkaloids  with  caustic  potash.  The 
sequence  of  events  was  as  follows :  In  1884  Bunge  separated  the 
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subetance  which  he  termed  leucci  from  coal-tar ;  in  1846  Anderson 
isolated  pyridine  and  its  homologues  from  bone-oil.  Meanwhile 
Oerhardt  (1842)  had  been  subjecting  strychnine,  cinchonine,  and 
quinine  to  distillation  with  solid  caustic  potash ,  and  obtained  an  oil 
\^hich  he  called  quinoleine,  afterwards  altered  to  quinoline.  Hofinann 
soon  recognized  in  Runge's  leucol  and  Gerhardt's  quinoline  identical 
substances.  Subsequently  other  alkaloids — nicotine,  conine,  piperine, 
&c. — ^were  converted  into  pyridine  or  one  of  its  derivatiyes  by  heating 
'with  zinc  dust.  Isoquinoline,  which  was  discovered  in  coal*tar  in 
1885  by  Hoogewerff  and  van  Dorp,  has  been  shown  to  be  related  in 
a  similar  way  to  hydrastine,  papaverine,  narcotine,  and  berberine. 

These  discoveries,  whilst  they  gave  a  fresh  stimulus  to  the  investi- 
gation of  the  alkaloids,  opened  up  a  new  field  for  research  in  the  study 
of  pyridine  and  quinoline  derivatives.  The  result  has  been  that  the 
process  of  graduated  disintegration  applied  to  the  alkaloids  on  the 
one  hand,  and  the  construction  of  new  products  from  pyridine  and 
quinoline  on  the  other,  established  points  of  contact  between  them 
vehich  gradually  disclosed  the  structure  of  many  of  the  alkaloids,  and 
ultimately  led  to  the  synthesis  of  a  few  of  them. 

The  history  of  these  successive  stages  is  the  main  object  of  the 
present  chapter.  In  the  light  of  this  new  knowledge,  how  is  the 
term  alkaloid  to  be  defined?  Koenigs  suggested  that  the  name, 
which  was  originally  applied  to  all  vegetable  bases,  including  caffeine, 
theobromine,  betalne,  choline,  &c.,  should  be  restricted  to  those  vege- 
table products  which  are  derivatives  of  pyridine  only.  This  would 
exclude  caffeine  and  theobromine,  which  do  not  differ  very  widely 
from  the  alkaloidal  bases.  In  the  present  state  of  the  subject  an  exact 
definition  is  not  easy  to  frame,  and  possibly,  as  our  knowledge  grows, 
the  line  of  demarcation  between  the  alkaloids  at  present  known  and 
other  vegetable  products  may  become  gradually  obliterated.  For  the 
present,  however,  an  alkaloid  may  be  defilned  as  a  vegetable  base 
which  contains  a  cyclic  nitrogenous  nucleus. 

Before  passing  to  the  more  complex  alkaloids,  a  brief  review  of 
the  parent  substances  seems  desirable,  and  we  propose,  therefore,  to 
describe  briefly  the  properties  and  structure  of  pyridine,  quinoline, 
and  isoquinoline,  and  their  more  important  derivatives,  1:>efore  passing 
to  the  chemistry  of  the  alkaloids.  It  would  be  beyond  the  scope  of 
these  essays  to  attempt  more  than  a  general  description  of  these 
substances,  the  number  being  already  vast  enough  to  have  filled 
a  volume  of  respectable  dimensions.^ 

'  See  References  at  the  end  of  the  chapter. 
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l^jridinau    It  has  already  been  stated  that  pyridine  and  its  horno- 
logaes  were  first  obtained  by  Anderson  from  bone-oiL     This  <A 
which  is  formed  by  the  destructive  distillation  of  bones,  ooiitaiBS 
a  large  number  of  compounds  derived  from  the  decomposition  of  ^ 
albuminoid  material  of  the  bone.    The  bases  are  extracted  £rom  ih^ 
distillate  with  acid,  liberated  by  the  addition  of  alkali  and  finally 
fractionated.     The  chief  source  of  pyridine  at  present  is  eoal-tar- 
naphtha,  from  which  it  is  separated  by  sulphuric  acid  employed 
in  purifying  the  naphtha.    It  is  also  formed  by  the  action  of  ifc^lWjt«  or 
zinc  dust  at  a  high  temperature  on  several  of  the  alkaloids — niooliiie, 
morphine,  dnchonine,  &c. — by  the  oxidation  of  piperidine  (hexahydiv- 
pyridine,  see  p.  559)  with  strong  sulphuric  acid  at  300°  or  nitrobenzene 
at  250^,  and  by  distilling  the  lime  salts  of  p3nridine  carboxylie  adds 
with  lime.     It  has,  moreover,  been  obtained  synthetically  by  the 
following  methods,  all  of  which,  it  may  be  added,  give  unsatiBfiictoiy 
yields.     This  is  not  the  case  with  the  reactions  to  be  described  lat«- 
for  the  preparation  of  certain  pyridine  derivatives. 

In  1877  Ramsay,^  following  the  lines  of  Berthelot's  synthesis  ci 
benzene  from  acetylene,  passed  a  mixture  of  acetylene  and  hydro- 
cyanic acid  through  a  red-hot  tube  and  obtained  small  quantities  of 

pyridine. 

2C2H2  +  HON  «  C5H5N 

Koenigs'  in  1879  was  successful  in  obtaining  some  pyridine  by 
distilling  ethylallylamine  over  hot  litharge. 

Using  the  generally  accepted  formula  for  pyridine  (it  is  discussed 
later,  p.  551),  the  following  represents  the  reaction  : 

CH2  CH 

CH3,    VjH  Hc/\3H 

+  3PbO  =  I       +  SHjO  4  3Pb 

CH^     vCHo  IIO>^    iCH 

Ethylallylamine.  Pyridine. 

In  1885Denn8tedt  and  Zimmermann '  acted  upon  pyrrole  and  sodium 
methylate  at  200^  (or  pyrrole  potassium)  with  methylene  iedide. 
The  action  is  a  curious  one,  and  can  only  be  formulated  by  supp<^'ug 
the  pyrrole  ring  to  open  and  absorb  an  additional  carbon  group. 

*  Ber.y  1877,  10,  786.  »  B«r.,  1879, 12,  284i 

*  Ber.,  1885,  18,  8316. 
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+  CH  X  +  2NaOCHo  = 


CH 
Hc/\oH 


^2*2 


NH 


N 


+  2NaI  +  2CH,0H 


CH 


Pyridine  is  a  colourless  liquid,  possessing  a  peculiar  smell.  It  boils 
at  114*8'',  and  has  nearly  the  same  specific  gravity  as  water.  It  is 
easily  soluble  in  water  as  well  as  in  most  of  the  common  solvents, 
3nd  forms  crystalline  salts  and  double  salts  like  other  organic  bases. 
It  is  peculiarly  stable  towards  oxidising  agents,  chromic  and  strong 
or  weak  nitric  acid  having  little  or  no  action.  The  halogens  also 
react  with  difficulty,  so  that  the  halogen  derivatives,  as  well  as 
amino  compounds,  are  usually  prepared  by  indirect  methods,  which 
-will  be  described  later.  Strong  or  fuming  sulphuric  acid  has  little 
action  at  ordinary  temperatures,  but  a  sulphonic  acid  can  be  obtained 
by  heating  pyridine  with  the  fuming  acid  at  800^  By  the  action 
of  sodium  on  an  alcoholic  solution  of  pyridine,  hexahydropyridine 
(piperidine)  is  obtained,  whereas  hydriodic  acid  at  a  high  temperature 
decomposes  it  into  normal  pentane  and  ammonia. 

C5H3N  +  10H  =  C5Hi2  +  NH3 

Sodium  alone  removes  an  atom  of  hydrogen  from  pyridine,  and 
dipyridyl  is  formed  by  the  linking  of  two  molecules, 

NHA-C5H4N 

Pyridine  is  a  tertiary  base,  and  therefore  forms  quaternary  compounds 
with  the  alkyl  halides.  These  bodies  undergo  molecular  change  on 
heating  to  800%  resembling  the  decomposition  of  the  hydrochlorides 
of  the  monoalkyl  anilines.  Just  as  0-  and  ^toluidine  are  pro- 
duced by  heating  methylaniline  hydrochloride  under  pressure  (p.  215), 
so  a-  and  ymethyl  pyridine  are  obtained  from  pyridinium  methyl 

iodide. 

.  CH  CH  C.CH3 

hc/Njh  hc/\ch  hc/^ch 

and 
JH  HO.     llC.CHg  HCL    JOH 


H 


¥ 


(£^ 

^ 

H^ 

pyridinium  methyl 

a-Mothyl  pyridine. 

7-Methyl  pyridine 

iodide. 

This  reaction  has  furnished  a  number  of  important  homologues 
of  pyridine. 
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'  The  great  stability  of  pyridine,  its  analogy  in  chemical  bofaaTMHr 
with  benzene,  the  formation  of  a  hexahydride,  and  the  ^^»tont^  d 
three  mono-substitution  deriyatiyes  point  to  the  structure  of  pyridiiM 
as  a  ring  of  six  atoms,  of  which  fiye  are  carbon  and  one  ia  nitrogen. 
Each  of  the  carbon  atoms  being  united  to  one  atom  of  hydrogen, 

CH 
HC/^CH 


Hol  ^H 


there  remain  six  single  yalencies  which  haye  been  accounted  for  by 
the  use  of  different  formulae.  KOmer  in  1869  first  suggested  the 
application  of  Kekul^'s  formula  to  pyridine ;  this  was  followed  bj 
the  formula  of  Riedel  in  1883  and  of  Bamberger  in  1891. 


CH 
H0/\CH 


H 


N 

KOriior. 


H 


CH 
Hg/|\5H 


H 


Biedel. 


CH 


CH 
HC<f'\3H 

HO^j^H 

N 
Bamberger. 


There  are  arguments  which  may  be  adduced  in  &your  of  all  three 
formulae ;  but  the  experimental  data  are  at  present  too  incomplete 
to  afford  a  final  decision.  As  the  constitution  of  pyridine  is  cloady 
interwoyen  with  that  of  quinoline,  we  haye  deferred  its  discussion  t» 
the  end  of  the  present  section  (p.  551).  In  the  meantime  we  duJl 
adopt  the  E5mer  formula. 

The  substitution  products  of  pyridine  are  denoted  by  the  Gieek 
letters  a,  )8,  y  or  by  numbers. 

y 

N 

All  three  methyl  and  ethyl  pyridines,  hydroxy-,  chloro-,  and  amino- 
pyridines  and  pyridine  carboxylic  acids  are  known. 

The  alkyl  pyridines  resemble  pyridine  in  most  of  their  chemical 
properties,  and,  like  the  homologues  of  benzene,  the  side-chains  are 
oxidisable,  and  acids  result.  The  origin  of  some  of  these  compoondi 
has  already  been  mentioned.    All  three  methyl  pyridines  or  picolinsi 
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are  present  in  bone-oil.  Baeyer^  found  that  the  resin  obtained  by 
the  action  of  ammonia  upon  acrolein  yields  on  distillation  jS-picoline. 
The  constitution  of  acrolein-ammonia  is  not  definitely  known,  but 
the  formula  and  its  transformation  into  picoline  may  probably  be 
represented  as  follows : 


HC/    £IH:CH 


2 


C.OH 


HdLJcH .  OH 

Acrolein-ammonia. 


3 


^-Piooline. 


This  method  was  the  forerunner  of  others  in  which  aldehyde- 
ammonias  with  or  without  the  addition  of  an  aldehyde  or  ketone 
were  employed.  We  select  two  examples,  the  formation  of  a-picoline 
by  Bdttinger'  and  that  of  collidine  (^trimethylpyridine)  by 
Hantzsch.' 

By  the  action  of  ammonia  on  p3rruyic  acid  a  dibasic  acid,  uvitonic 
acid  CeH5N(COOH)2,  is  formed,  which,  on  distillation  with  lime, 
loses  carbon  dioxide  and  yields  a-picoline. 


OOOH 

Ao 

yCOOH 

HOOC-COl       CO\ffl 

NHs 


CH, 


COOH 

I 
C 

H(/\CH  ^  I  8^^ 

HOOC— cl/C.CH,  '  ^« 

N 
Uvitoaie  aeid. 


By  heating  together  gently  for  a  few  minutes  two  equivalentci 
of  acetoacetic  ester  with  one  of  acetaldehyde-anunonia,  dihydro- 
collidine^carbozylic  ester  results. 

CHa  CHa 

OHO  OH 

KOOO.CH,       CH».C005        BOOC .  C^^Nc .  COOB 


,0.00 


00.  OH 

NHs 


3 


OH,.d 


O.OH 


+  8H2O 


3 


DihydrocoUidine-dicurboxylie  ester. 


»  utniialm,  1870, 165,  281.  •  B«-.,  1877, 10,  862 ;  1880, 18,  2082. 

'  Bv.,  1882, 15,  2914. 
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This  compound^  on  oxidation  mth  nitrous  acid,  loses  two 
of   hydrogen,  forming   collidine-carboxylic  ester,  from  which,  m 
hydrolysis  and  distillation  with  lime,  coUidine  is  obtained. 

Special  interest  attaches  to  those  alkyl  pyridines  which  are  derM 
from  the  alkaloids  themselves.  By  distilling  conine  hydrochloride 
with  zinc  dust,  Hofinann  obtained  a  base  boiling  at  166-168°,  whick 
he  termed  coityrtfi^  and  which  has  since  been  identified  as  a-profiyl 
pyridine. 

Nicotine  passed  through  a  red-hot  tube  yields  )?-ethyl  pyridine  and 
)3.propyl  pyridine,  whereas  the  hydrochloride  of  norhydrotropidiBe, 
a  decomposition  product  of  atropine,  gives  on  distillation  with  rise 
dust  a-ethyl  pyridine.  Williams  obtained  )8-ethyl  pyridine  by  dis- 
tilling cinchonine  and  quinine  with  caustic  potash.  Tngt^n^iif^iy  of  the 
same  thing  might  be  multiplied. 

The  pyridine  carboxylic  acids  have  also  played  an  important  part 
in  fixing  the  structure  of  the  alkaloids.  As  the  degradation  of  t&e 
alkaloids  by  oxidation  generally  results  in  the  production  of  one  or 
other  of  these  acids,  it  has  been  a  matter  of  the  first  importance  to 
determine  the  position  of  the  carboxyl  groups  in  the  pyridine  nockna 
This  has  been  satisfactorily  accomplished  by  methods  for  a  descrip- 
tion of  which  the  reader  is  referred  to  one  of  the  larger  textbooks. 
The  methods  of  preparation  are  the  same  as  those  used  in  the  cas? 
of  the  acids  of  benzene,  namely,  the  oxidation  of  side-chains  or  the 
hydrolysis  of  the  nitriles. 

The  following  acids  have  a  special  interest,  arising  firNu 
their  direct  or  indirect  connection  with  the  alkaloids:  Nteaiimc 
acid  (j3-pyridine  carboxylic  acid)  is  obtained  from  nicotiiie, 
pilocarpine,  hydrastine,  and  berberine  by  oxidation  and  by  tke 
action  of  hydrochloric  acid  on  trigonelline  (see  below);  the 
following  are  also  obtained  by  oxidation:  qmnoUnie  acid  {^fi- 
pyridine  dicarboxylic  acid)  from  quinoline;  cmchomeromc  add 
03-y>pyridine  dicarboxylic  acid)  from  isoquinoline,  a<arbocmckomt 
fxmic  acid  (a-)9^p3rridine  tricarboxylic  acid)  from  several  of  tiie 
cinchona  alkaloids,  and  papaverine  and  berberonic  acid  03-y-a^-pyridiiie 
tricarboxylic  acid)  from  berberine. 

The  a-carboxylic  acids  occupy  a  distinctive  position  among  tiie 
pyridine  acids,  owing  to  the  &cility  with  which  they  lose  carbon 
dioxide  on  heating,  and  also  by  reason  of  the  yellow  colour  reaction 
which  they  give  with  ferrous  sulphate.  Although  the  pyridine  acids 
naturally  possess  basic  as  well  as  acid  characters,  the  usual  reactions 
of  the  carboxyl  group  are  not  thereby  afiCected.  From  the  acids  the 
corresponding  amide  and,   by  means  of  Hofxnann's  hypobromite 
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reaction,  the  amino  pyridines  may  be  prepared.  The  latter  resemble 
tlie  aliphatic  amines  rather  than  the  aromatic  amino  compounds  ; 
for  only  the  )9-compound  can  be  diazotised  with  nitrous  acid,  and 
xnanifests  the  usual  i*eactions  of  diazo  compounds. 

It  has  been  stated  that  trigonelline  is  conveiied  into  nicotinic 
acid  by  the  action  of  hydrochloric  acid.  This  alkaloid,  which  is 
found  in  fenugreek  {trigondla  foenum-groecum),  represents  a  new 
and  interesting  class  of  compound  now  recognized  by  the  generic 
term  of  heMnes.  Betalne  has  long  been  known  as  a  constituent  of 
beetroot  sap,  and  its  constitution  has  been  fixed  by  synthesis  as  the 
inner  anhydride  of  hydroxytrimethylglycooolL  In  1885,  Jahns^ 
discovered  trigonelline  in  the  seeds  of  fenugreek,  and  showed  that 
the  substance  was  identical  with  a  compound  obtained  by  Hantzsch 
from  nicotinic  acid,  by  treating  the  acid  successiyely  with  methyl 
iodide  and  silyer  hydroxide.  The  relationship  between  these  two 
substances  is  readily  understood  from  the  following  formulae : 


(CH3)2>?v    /CHj 


N- 
I 
CH3 

B«talne. 


CO 

I 
0 


CH 
HQ^C— CO 

HQx^   JGH. 

N- O 

1 
CH3 

Trigonelline. 


Similar  compounds  have  been  found  among  the  oxidation  products 
of  ootarnine  and  hydrastinine. 

The  only  other  group  of  compounds  to  which  reference  need  be 
made  are  the  hydroxy  pyridines.  These  substances  possess  both 
basic  and  phenolic  properties  and  correspond  to  the  amino  phenols. 
The  a-  and  y-compound,  but  not  the  )3-compounds,  are  also  character- 
ized  by  their  behaviour  as  ketones  or  lactams,  in  other  words,  they 
exhibit  the  property  of  tautomerism,  and  may  therefore  be  repre- 
sented by  the  following  double  formulae: 


fjo. 


OH 


Y 

a-Hydroxy  pyridine. 


I     Joo 

NH 

o-Pyridone. 


^  Ber.,  18S5,  18,  2518. 
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C.OH 


N 
T-Hydraxj  pyridine. 


CO 


Vh 

7-Pyridone, 


They  are  usually  obtained  by  removing  carboxyl  from  the  hydrazj- 
pyridine  oarbozylic  acids  by  distillation  with  lime.  The  a-  and  7- 
compounds  may  also  be  prepared  from  the  derivatives  of  a*  and  7- 
pyrones  by  the  action  of  ammonia  in  the  cold,  the  single  ozygeii 
atom  being  replaced  by  the  NH  group.  This  conneetioQ  betwean 
the  pyrones  and  hydroxypyridines  is  a  peculiarly  interesting  ome^ 
since  pyrone  compounds,  associated  with  alkaloids,  are  widely  dis- 
tributed  among  plants.  Thus,  Lieben  and  Haitinger  *  found  that 
■chelidonic  acid,  which  occurs  with  the  alkaloid  chelidonine  in 
the  root  of  common  celandine,  is  converted  into  chelidamic  or  7- 
pyridone  dicarboxylic  acid. 

CO  CO 

HOOC  .0)      Ic .  COOH  ^       HOOC .  olj!c .  GOGH 

Chelidonio  acid  Chelidamic  acid 

•(7-Pyroiie  dicarboxylic  acid).  (7-Pyridone  dicarboxylic  acid). 


CO 
HC/\C .  OH 

Hcl     Jc .  COOH 


+  NH,  = 


CO 
Hg/\3  .  OH 


H 


J 


\/ 
NH 


C .  COOH 


+  H,0 


Comenio  acid  Comenatnic  acid 

(jS-Hydroxypyrone  carboxylic  acid).        (Dihydroxypicolinic  acid). 

Another  interesting  synthesis  of  the  same  character  is  the  fonnt* 
tion  of  hydroxynicotinic  add  from  counudinic  acid.'  Coumalinic 
acid  is  obtained  by  the  action  of  strong  sulphuric  acid  on  malic  add 


>  Monatsh.,  1863,  4,  276;  1886,  0,  279. 

•  J.  prakt.  ChMiu,  1888,  27,  267 ;  1884,  80,  67,  878. 

*  Von  Peolimaiin  and  Welsh,  £fr.,  1884, 17,  986,  2884 ;  1886, 18,  817. 


Ost '  obtained  in  the  same  way  from  comenic  acid  (hydr€(xy-7- 
pyrone  carboxylic  acid),  which  is  formed  by  heating  meconic  acid  of    | 
opium,  comenamic  acid,  or  dihydroxypicolinic  acid.  \ 
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CH 
Hc/\3 .  COOH 


^  which  the  intermediate  foniiation  of  hydroxymethylene  acetic 
Acid  may  be  assumed  to  occur. 

CH.OH 
HC/  |,HC.COOH 

HO.CcJ      !IhC  ~^ 

HO 

Intermediate  product  from  malic  acid. 

CH 


OCX 


CH 


O 

Conmalinic  acid. 


.COOH 

^^H 

NH 

Hydrozyniootinic  acid. 

Hf  as  seems  on  the  whole  not  improbable,  the  pyrones  form  the 
basis  of  some  of  the  alkaloids,  a  simple  mode  of  preparing  pyrone 
compounds  may  throw  some  light  on  the  initial  stages  of  the  syn- 
thetic process  by  which  these  complex  molecules  are  elaborated  in 
the  plant.  Di-  and  tri-hydroxypyridines  and  hydroxypyridine  car- 
boxylic  acids  have  also  been  obtained  indirectly  from  citric  acid. 
Thus,  hydrochloric  acid  converts  citramide  or  one  of  the  amides  of 
citric  add  into  citrazinic  acid  (oa'-dihydroxynicotinic  acid). 


C(OH).  CONH2 
H2C  ^     1CH2 

Ool      IcONHa 
NHj 

Citramide. 


C.COOH 

Hc/NcH, 


HO. 


+  2NH 


oyco 

Citrazinic  acid. 


3 


Glutazine  (oa'-dihydroxy-yamino  pyridine)  is  obtained  by  the 
acting  on  aoetonedicarboxylic  ester  with  ammonia  and  boiling  the 
product,  j8-hydroxyaminoglutamic  ester,  with  soda  solution. 


HO    NH, 
C 


H,c/\CH, 

(xL      bo.OCjHj 

NHa 
/9>Hydras7aminoglatamie  erter. 


NH 

II 
0 

HjC/NcHj 

+  H^O  +  C^.O 

oolJco 

NH 
Glutazine. 


^«' 
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By  boiling  glutadne  with  hydrochloric  acid,  txiketopiperidine « 
aa'ytrihydrozypyridine  is  produced. 


C:NH 
HoOf      iCH, 


*2^  v/**2 

+  H2O 

ooLJco 


CO 


'■2' 


NH 

GluUzine. 


od     JCO 
NH 


or 


G(OH) 

{HO)(i^OH) 

N 

Triketopipeiidiiie.        Trihydroxypyridine. 


+  NH, 


As  acetonedicarboxylic  ester  is  a  product  of  the  action  of  solpliuik 
acid  on  citric  acid,  both  this  and  the  previous  product  may  be 
regarded  as  indirectly  obtained  from  citric  acid. 

Qumoline.  In  chemical  properties  quinoline  offers  many  pointe 
of  resemblance  to  pyridine.  It  is  a  colourless,  oily  liquid,  specifietlly 
heavier  than  water,  in  which,  unlike  pyridine,  it  is  only  slig^tij 
soluble.  It  boils  at  240^  On  reduction  it  takes  up  4,  8^  and  finallf 
10  additional  atoms  of  hydrogen,  forming  decahydroquinoline. 

Quinoline  bears  very  much  the  same  relation  to  pyridine  that 
naphthalene  does  to  benzene.  Thus,  on  oxidation  with  permanganate 
solution,  quinolinic  acid,  i.  a  o^-pyridine  dicarboxylic  acid,  is  formed^ 
whereas  the  additive  product  of  quinoline  with  benzyl  chloride  gives 
under  similar  conditions  a  mixture  of  the  benzyl  derivatives  ef 
anthranilic  acid  and  formyl  anthranilic  acid. 


COOH 


/\/ 


N 


01     CH2 .  CgHg 

Quinoline  benzyl  chloride. 


\ 


Formylbenzyl 
anthranilic  acid. 


/k/" 


OOH 


\ 


NHC7H7 


Benzyl  anthnnilic 
aoid. 


It  seems  as  if  the  ring  containing  nitrogen  in  its  quinquevalent  state 
were  rendered  less  resistant  to  oxidising  agents. 

The  appearance  of  a  pyridine  nucleus  in  the  product  of  the  fini 
process  and  of  a  benzene  nucleus  in  that  of  the  second  has  led  to  the 
h3rpothe8is  of  a  double  hexagon  formula  for  quinoline,  consisting  of 
a  benzene  and  pyridine  ring  having  two  carbon  atoms  conmion  to 
both. 
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8 


1      N 
II 

This  arrangement  of  the  atoms  would  also  agree  perfectly  well 
i^th  the  yarious  syntheses  of  quinoline  and  its  derivatives  described 
below ;  but  a  fuller  discussion  of  the  subject  is  reserved  for  the 
conclusion  of  the  section  (p.  551). 

The  seven  hydrogen  atoms,  according  to  the  hexagon  formula,  are 
evenly  distributed  among  the  carbon  atoms,  which  are  distinguished 
by  the  Greek  letters  a,  ^,  y  in  the  pyridine  nucleus,  and  by  ortho, 
meta,  para,  and  ana  in  the  benzene  ring  (I),  or,  according  to  another 
method,  by  numbers  following  the  initial  letters  B  or  Py,  to  indicate 
the  benzene  or  pyridine  nucleus  respectively  (11).  Seven  mono 
derivatives  of  quinoline  are  therefore  possible,  and  of  theee  all  the 
methyl  quinolines  and  quinoline  carbozylic  acids,  and  six  of  the 
seven  hydroxyquinolinee,  are  known. 

Quinoline  and  some  of  its  homologues  are  obtained  from  coal-tar, 
from  certain  alkaloids  by  distillation  with  potash,  or  by  means  of 
one  or  other  of  numerous  synthetic  methods  from  which  the 
following  are  selected : 

In  1879  Koenigs^  obtained  quinoline,  in  a  similar  manner  to  that 
by  which  he  prepared  pyridine,  by  passing  the  vapour  of  allylaniline 
over  heated  lead  oxide. 


CH     CHj 

hc/\chVjh 

CH    NH 

Allylaniline. 


+  20 


CH  CH 
CH  N 

Quinoline. 


+  2HjO 


In  the  same  year  Baeyer  converted  hydrocarbostyril  (the  anhydride 
of  (Huninohydrocinnamic  acid)  into  quinoline  by  the  successive 
action  of  phosphorus  pentachloride  and  hydriodic  acid. 


CHg  CH 

'     PCI., 


HI 


CH 


NH 


N 


CCl 


N 


!H 


>  Ber.,  187»,  12,  458. 
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This  method  was  afterwards  modified/  and  in  place  of  amiiM- 
cinnamio  acid,  o-nitrocinnamio  aldehyde  was  reduced. 


CH 


6H 


CH 

/VScH 

OHO 


-H,0 


CHO  ,^^ 

NOa  NHj 

o-Nitrooinnamic  aldehyde.    Intermediate  product. 


CH 

N 

Qoinoline. 


To  the  same  category  of  reactions  belong  the  formation  of  qoind- 
dine  (a-methyl  quinoline)  from  o^uninocinnamic  ketone  and 
carbostyril  (a-hydrozyquinoline)  from  o-aminodnnamic 

CH 

/V\CH 


V       /K         VJO  .CH3 

NH, 

o-Aminooinnamio  methyl  ketone. 
CH 
/W|OH 

v^    CO.  OH 
NH, 

0-Aminbcinnamic  acid. 


CH 

/VXCH 

N 
CarbostyriL 


A  further  interesting  deyelopment  of  the  method  is  due  to  Fried- 
lAnder,  who  in  1888*  obtained  quinoline  by  condensing  o-amino-    « 
benzaldehyde  with  acetaldehyde  in  presence  of  a  little  caustic  soda 
solution. 

CHO  CH 


0-Aminobenzaldehyde. 


CHO 


+  2H4O 


N 


In  place  of  acetaldehyde,  a  variety  of  aldehydes  and  ketones  nay 
be  used,  and  even  the  aldehyde  group  of  the  basic  constituent  iD*y 
be  replaced  by  a  ketonOi 


*  Ber.,  1883, 16,  2207. 

*  Ber.,  1882, 16,  2572;  1888,  16,  1888. 
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.G«H 


+  2H2O 


«•"« 


To  take  one  example,  o-aminoaoetophenone  gives  with  aoetophenone, 
L-phenyl-^methylquinoline. 

CO .  CH3  (XCHs) 

/V  OH,  /Wh 

+  1 

X       yX  CO  »  GqH.1 

o>Amln<Mteetophaaone.  a-Phenyl-Y-methylquinoUne. 

Anthtanilic  acid  and  o-toluidine  have  also  been  used   in  con- 
junction with  aldehydes  for  e£Fecting  quinoline  synthesis. 

COOH  C(OH) 

/V^  CH,  /Y\3H 

+  I 


AnUuvnilie  aeid. 
CH, 


CHO 


CHO 


T-Hydrozyquinoline. 

CH 

^^>/\cH 


+  I 


NHj 

o-Toluidine. 


CHO 


Quinoline. 


GlyoxaL 

To  a  somewhat  different  class  of  reactions  belongs  the  important 
synthetic  method  of  Skraup. 

In  1880  Koenigs  obtained  quinoline  by  heating  nitrobenzene  with 
glycerol  and  sulphuric  acid  at  180-190°,  a  reaction  which  was  very 
soon  replaced  by  the  more  effective  process  of  Skraup,^  which 
appeared  in  the  same  year.  It  consists  in  heating  an  aromatic 
amino  compound  with  glycerol,  sulphuric  acid,  and  nitrobenzene. 
The  mechanism  of  Skraup's  method  is  usually  explained  by  assuming 
that  glycerol  undergoes  conversion  into  acrolein  by  the  dehydrat- 
ing action  of  the  acid,  and  is  followed  by  the  formation  of  acrolein- 
aniline  with  the  aniline  or  aniline  derivative.  This  acrolein-aniline 
is  then  oxidised  by  the  nitrobenzene  to  quinoline. 

CHa  CHj  CH 


/\ 


\c 


^ 


H 


CHO 


-H.0 


/\  Vh  .  /NAcH 


o 


H 


Aniline + acrolein. 


Aorolein-aniline 


N 
Qoinoline. 


;h 


>  UoHcUtk.,  1880, 1,  816 ;  1881,  2,  Ul. 

N  n  a 


548 


THE  ALKALOIDS 


The  method  is  of  the  gieatest  Talae,  for,  provided  one  ortho  posttum 
to  the  amino  group  in  the  nucleus  is  free,  mny  amino  compoand  may 
be  usedy  and  the  number  of  substituted  quinolines  which  can  be 
prepared  in  this  way  is  yeiy  Urge.  The  substituent  groap  in  thM» 
cases  is  naturally  restricted  to  the  benzene  nucleus. 

The  quinaldine  synthesb  of  Doebner  and  von  Miller  must  compkU 
this  brief  summary  of  synthetic  methoda  It  consists  in  fhe  aetioa 
of  sulphuric  or  hydrochloric  add  upon  a  mixture  of  aniliiie  and 
aldehydes.  From  aniline  and  aeetaldehyde  (or  paraldehyde)  a-meth]i- 
quinoline  or  quinaldine  is  obtained.  The  mechanism  of  the  proeev 
probably  consists  in  the  condensation  of  two  molecules  of  alkylideoe 
aniline  (formed  by  union  of  the  aldehyde  and  aniline)^  thus : 


aH,N:CH.CH, 


CcHsNrCH.CH, 


CeHfiN :  CH .  CH,  CeH^NH .  CH .  CH, 

It  is  followed  by  the  elimination  of  aniline  and  hydrogen  with  ring 


formation. 


C.H.N: 


'6**6 


G£[  •  Clxj 


CaHaNH  •  GH  •  GUs 


'6**6 


•  CHs 


+  C0H5NH,  +  Hj 


In  place  of  aldehyde  or  ketone,  mixtures  of  aldehydes  and  ketonee 
may  be  used.  With  aniline,  acetophenone,  and  aeetaldehyde, 
y-phenylquinaldine  has  been  obtained. 

G.  GfH^ 


CjHjNH,  +  OeHj .  CO .  CH3  +  CHO .  CH3 


/VXCH 


7-Phenylqqinaldiim 

An  adequate  account  of  the  chemistry  of  quinoline  and  its  d«i- 
vatives  would  carry  us  far  beyond  the  scope  of  the  piesent  essay, 
which  ia  intended  to  include  only  those  compounds  possessing  aonie 
kind  of  relation  to  the  alkaloids. 

Numerous  alkyl  quinolines  have  been  prepared  Gfynthetically  bv 
one  of  the  methods  already  described  and  possess  the  geneial 
characteristics  of  quinoline.  Lepidine  or  y-methylquinoline  can  be 
obtained  from  cinchonine  by  distillation  with  potassium  hydroride 
or  lead  oxide,  and  it  is  also  interesting  to  note  that  j>-methoxylepidine 
occurs  among  the  decomposition  products  of  quinine.  y-Phenyl- 
quinoline  is  another  product  which  brings  us  into  touch  with  the 
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alkaloids^  for,  aeoording  to  Koenigs,  it  is  the  parent  substance  of 
quinine. 

The  following  quinoline  aoids  are  also  directly  related  to  the 
alkaloids:  dnchoninic  acf{I(y-quinoline  monocarboxylic  acid) is  obtained 
by  oxidising  several  of  the  cinchona  alkaloids,  and  guinime  acid 
(p-methoxyeinchoninic  add)  is  formed  by  the  oxidation  of  quinine. 

IgoquinoHna,  which  is  isomeric  with  quinoline,  is  a  colourless 
solid,  melting  at  21^,  boiling  at  240^,  and  possessing  a  smell  like 
quinoline.  It  was  originally  found  by  Hoogewerff  and  van  Dorp  ^ 
in  coal-tar  in  the  crude  quinoline  fraction  and  separated  by 
crystallization  of  the  slightly  soluble  sulphate.  On  oxidation  it 
gives  both  phthalic  and  cinchomeronic  acid,  which  points  to  the 
following  structural  formula: 


CH  CH 

"0? 


CH  CH 

IsoqninoUne. 


CH 

HCf^C .  COOH 

I 
HCL/C .  COOH 

CH 

PhthaUo  Mid. 


4- 


CH 
HOOC.O|^H 

HOOC.cJ    Jn 

Cinehomeroiiio  aoid. 


Also  alkyl  isoquinolinium  halides  give  on  oxidation  alkyl  phUuJ- 

imides. 

CO 


N .  CtHj 


X/\ 


CO 


This  strocture  has  bean  oonfiimed  by  subsequent  synthesis,  which 
was  first  aceomplished  in  1886  by  GbbrieL  Homophthalimide  is 
conrerted  by  phosphorus  pentachloride  into  dichloroisoquinoline, 
which  on  further  heating  with  hydiiodic  acid  and  phosphorus  passes 
into  isoquinoline^  identical  with  Hoogewerff  and  yan  Dorp's  base. 

CH,  CH  CH 

/\AC0  /VNcCl  /V\CH 


Jnh 


N 


\/\y"^         \y\/"  \A/^ 

CO  OCl  CH 

Homopbtbalimide.  DiohloroiaoqoinoUn..  Isoqainolliie. 

Le  Blanc*  has  effected  the  same  result  more  directly  by  heating 
homophthalimide  with  zinc  dust  in  a  current  of  hydrogen.     A 


*  S»c.  (niP.  Mm.,  1886,  4,  126. 


>  Btr.,  1888,  Si,  92M. 
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reaction,  resembling  the  formation  of  quinoline  firom  allylaniliiH, 
which  consists  in  passing  benz^idene  ethylamine  througfa  a  redM 
tube,  also  furnishes  isoquinoline. 

CH3  CH 


^CH 


s 


N 


CH 
Benzylidene  ethylamine. 


N 


laoqainoline. 


Fischer^  obtained  iBoquinoline  by  dissolving  benzylamino-Met' 
aldehyde  in  fuming  sulphuric  acid,  which  acts  both  as  a  dehydiatiDg 
and  oxidising  agent 

CHO  CH 


■-a 


^^ 


NH 


N 


2 


Be&zylamino-aoetaldehyde. 


iBoquinoline. 


An  interesting  isoquinoline  synthesis  was  effected  by  Bambergar 
and  Goldschmidt,'  who  found  that  both  stereoisomers  of  cinnamie- 
aldozime  on  distillation  with  phosphorus  pentozide  undergo  tiie 
Beckmann  change  and  give  isoquinoline  as  follows  (p.  213) : 


CH 
/V^H 

NOH 
Cinnamio  aldozime. 


CH 

/V^CH 

U  r 

CH.OH 
latennediate  prodact. 


CH 
CH 

laoqainoline. 


Pomeranz  obtained  a-methylisoquinoline  by  the  action  of  straig 
sulphuric  acid  on  a  mixture  of  aminoacetal  and  aeetophotone. 


/\ 


CH(0C^,)2 
\cHj 


/V^ 


"Ac. 


In 


4-2CsH«OH+H,0 


NH, 


CHa 

Acetophenone.        Aminoacetal. 
1  Ber.,  1898,  26,  764. 


CH3 

a-Methylisoquinoline. 


'  B9r.y  1894,  27,  1954,  279& 
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Stmotiire  of  Fyridme,  Qwiiio1iw»  and  Igoqulnoline,  In  dis- 
cussing in  further  detail  the  constitutioii  of  pyridine,  quinoline, 
and  isoquinoline,  that  of  naphthalene  may  be  included,  since  the 
same  process  of  reasoning  has  been  applied  in  turn  to  each. 
Assuming  that  benzene  and  pyridine  form  rings  of  six  atoms,  it 
follows  that  quinoline,  isoquinoline,  and  naphthalene  are  each  com- 
posed of  a  double  nucleus  of  six  atoms,  two  of  which  are  common 
to  both  nuclei.  For,  in  the  case  of  naphthalene,  it  has  been  shown 
that  if  either  nucleus  is  removed  by  oxidation  a  benzene  deriyatiye 
results.  Graebe  found  that  if  a-nitronaphthalene  is  oxidised,  nitro- 
phthalic  acid  is  formed,  whereas  a-naphthylamine,  obtained  from 
the  same  a-nitronaphthalene  by  reduction,  yields  phthalic  acid. 


HOOCv^ 


2 


B 


NO 


B 


2 


[000/"^/  \/\/ 


yv     yCOOH 

A 
\/\C(X)H 


In  the  one  case  nucleus  A  is  removed,  in  the  other  nucleus  B,  and 
in  both  cases  a  benzene  nucleus  remains.  Quinoline  in  the  same 
way  may  be  oxidised  to  quinolinio  acid  on  the  one  hand,  and  to 
a  deriratiye  of  anthranilic  acid  on  the  other  (p.  644). 


HOOC 


B 


HOOC/^ 


/\y\ 


B 


A 


COOH 


\/Y  ^^NH, 


Under  similar  conditions  isoquinoline  gives  a  mixture  of  phthalic 
and  cinchomeronic  acid  (p.  649). 


x\y\ 


\Ay 


In 


yvyCOOH 
A 


The  symmetrical  grouping  of  the  hydrogen  atoms  is  borne  out  by 
the  existence  of  two  isomeric  mono  derivatives  of  naphthalene, 
three  of  pyridine  and  seven  of  quinoline,  whereas  the  equivalence 
of  the  two  nuclei  in  the  case  of  naphthalene  follows  from  the  fact 
that  2  •  7-dihydroxynaphthalene  forms  with  alcohol  and  sulphuric 
acid  a  dialkyl  ether.  For  this  property  of  forming  ethers  after  the 
manner  of  alcohols  is  not  shared  by  the  phenols  of  benzene,  and,  as 
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first  pointed  out  by  BAmberger,  the  formation  of  such  an  etim  k 
both  nuclei  of  naphthalene  is  strong  evidence  in  fayour  of  Omi 
symmetry* 

Having  set  forth  the  &cts  upon  which  a  symmelaical  fai-ejdk 
nucleus  is  based,  the  issue  narrows  itself  down  to  a  disousnoD  of 
the  fate  of  the  fourth  carbon  and  third  nitrogen  bond.  As  in  the 
case  of  benaene  we  have  a  choice  of  formulae,  firstly,  those  modelM 
on  Kekul^'s  formula  for  benzene,  which  include  Erlenmeys's 
naphthalene  formula  and  K6mer's  formula  for  pyridine  and 
quinoline,  secondly,  those  modelled  on  the  Armstrong  and  Baeyv 
centric  formula,  which  is  represented  by  Bamberger's  formula  tor 
naphthalene,  quinoline,  and  isoquinoline^  and  finally  Biedflfi 
diagonal  formula  for  pyridine  and  quinoline. 

Biedel's  formula^  may  be  dismissed  in  a  few  words.  It  raits 
mainly  upon  the  formation  of  acridinic  acid  (quinoline  diearboxylie 
add)  from  acridine  by  oxidation,  and  certain  synthetic  methods 
inTolving  the  use  of  aliphatic  compounds.  As  acridine^  lib 
anthracene,  is  supposed  to  possess  a  para  linkage  connecting  the 
nitrogen  and  carbon  of  the  middle  nucleus,  the  same  kind  of  linkigB 
is  retained  in  the  quinoline  and  also  in  the  pyridine  formula. 


CH 

Acridine. 


CH 

Nj.oooh 


.COOH 


Acridinic  acid. 


CH 
/V^JCH 


Qainoline. 


Such  an  assumption,  quite  apart  from  the  uncertainty  whieb 
surrounds  the  structure  of  acridine  itself,  implies  an  immobility 
of  the  para  linkage  during  the  degradation  of  the  molecule  whieb 
does  not  necessarily  follow.  The  formula  is  moreover  difficult  to 
reconcile  with  the  mechanism  of  those  synthetic  methods  by  whieb 
the  majority  of  pyridine  and  quinoline  derivatives  are  prepared. 

None  of  these  difficulties  are  presented  by  either  the  Kekuld  or 
centric  type  of  formula.  At  the  same  time  it  must  be  admitii' 
that  the  Kekul^  type  of  formula  is  open  to  precisely  the  same  )aai 
of  criticism  which  benzene  affords,  and  which  has  been  fully  dis- 
cussed on  p.  446. 

But  suppose  we  accept  Eekul^'s  formula  for  benzene  and  pyridine 
does  the  formation  of  benzene  derivatives  from  naphthalene^  and 

>  Ber.,  1888, 16,  1809. 
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both  benzene  and  pyridine  derivatives  from  quinoline  and  iso- 
quinoline^  necessarily  imply  the  pre-existence  of  these  nuclei  in  the 
original  compomid  ? 

Although  at  first  sight  an  afSrmative  reply  to  the  question 
appears  the  most  simple  and  obvious  one,  Bamberger^  has  shown 
that  there  aze  many  experimental  facts  which  are  opposed  to  it,  and 
he  prefers  to  regard  all  three  compounds  as  represented  by  a  ring 
of  ten  atoms,  in  which  the  fourth  carbon,  or  third  nitrogen,  bond, 
as  the  case  may  be,  are  directed  towards  the  centre  of  each  nucleus 
thus: 

CH      CH  HC        CH  CH      CH 

HC/I\C<^I\CH         Hc/l'>C<f'\cH         Hc/lV<^I^CH 

^^i>\l>'«^     «^\u>\i/^^     ^^i>\i/^ 

HC        CH  CH      N  CH      CH 

Kaphthalene.  Qninolme.  Isoquinoline. 

The  evidence  in  favour  of  this  theory  will  now  be  briefly  reviewed. 
By  the  action  of  sodium  in  amyl  alcohol  solution  upon  a-  and  j3- 
naphthol  and  a-  and  /9-naphthylamine,  Bamberger  obtained  tetra- 
hydro  compounds  in  which  four  atoms  of  hydrogen  were  added 
either  to  the  substituted  or  unsubstituted  nucleus.  The  two  hydro- 
genated  compounds,  which  are  formed  simultaneously,  can  be 
separated  by  suitable  means  and  their  nature  determined  by  the 
products  of  oxidation.  If  the  reduced  nucleus  contains  the  amino 
or  hydroxyl  group,  the  compound  loses  its  aromatic  character  and 
takes  that  of  an  aliphatic  compound.  In  this  case  the  compound 
is  termed  alicyclic  —  ac  (oXci^ap,  fat ;  kvicXos ,  ring),  since  it  contains 
a  closed  chain  having  aliphatic  properties.  Thus,  oc-tetrahydro- 
^-naphthylamine  closely  resembles  phenylethylamine  in  ammoniacol 
smell,  strongly  basic  character,  and  in  the  stability  of  its  crystalline 
nitrite ;  further,  in  the  fact  that,  by  the  action  of  dilute  sulphuric 
acid  and  hydrobromic  acid,  ammonia  is  evolved,  and  in  each  case 
an  unsaturated  hydrocarbon  (styrene  in  the  one  case  and  dihydro- 
naphthalene  in  the  other)  results.  The  corresponding  oc-tetra- 
hydro-j8-naphthol  has  the  properties  of  an  alcohol. 

This  is  accounted  for  by  supposing  that  in  Bamberger's  formula  the 
withdrawal  of  the  four  free  bonds  of  the  substituted  nucleus  causes 
the  two  middle  carbon  atoms  to  unite,  thereby  converting  the  other 
nucleus  into  a  benzene  ring. 

*  Annahtif  1890,  267,  1. 


664 


THE  ALKALOIDS 


CH      CH 

CH      CH 
jS-NsphthyUmin«. 


+    4H 


CH     CH, 

so(y)><y'^\m .  NH, 

CH      CH, 
ae-Tetnhydro-/^iuiphth7lainiiMk 


CH      CH, 

Hc/'Nc^NjH,  .  NH, 

HOc^iNCH 
CH 

PhenyleihyUmine. 
CH      CH  CH      CHj 

Hc/l')>C<f  1^ .  OH  HO<f  l\y%3H .  OH 

Hcl^^>C<^,\|cH       "■  "       Hd^j^lcv^H, 

CH      CH  CH     CH, 

^-Naphthol.  oc-TetnLhydnHI-iuiphttioL 


Suppose  now  that  the  unsubetituted  nucleus  has  undeigone 
reduction,  the  benzenoid  character  of  the  compound  is  accentuated, 
and  to  distinguish  it  from  the  other  hydrogenated  product  it  is 
termed  aromatic  »  ar.  Thus,  ar -tetrahydro-a-naphthylamine  is 
much  more  closely  rehited  to  t^xyUdine  than  to  a-naphthylanuDe, 
for  unlike  the  latter  it  gives  no  colour  reaction  with  ethyl  nitrite. 
On  the  other  hand,  it  possesses  the  neutral  reaction,  the  weak  basie 
properties,  and  characteristic  behaviour  towards  nitrous  acid  of  an 
aromatic  base.  Here  the  withdrawal  of  the  four  bonds  transfannfl 
the  substituted  nucleus  into  a  benzene  ring. 


CH      C .  NH2 
Hc/''^C<fl\cH 

a-Naphthylamine. 


+  4H 


CH,    C  •  riH, 
H,c/x/1\cH 

HjCt^^O/jNCH 
CHj    CH 

or-Tetrahydro- 
a-naphthylamine. 


CH3    C  •  NH| 

^c/'NcH 

CHa    CH 
v-XylidiiMw 


In  the  same  way  zylenol  resembles  ar-tetrahydro-a-naphthol,  for 
the  latter,  like  all  the  phenols  derived  £rom  benzene,  is  incapaUe  ofl 
forming  ethers  with  alcohol  and  sulphuric  acid,  whereas  a-  and  fi' 
napthol  in  common  with  the  alcohols  posseas  this  property. 
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CH      C(OH) 

Hq(fr^>o<fl\cH 


H 


k\}\\:^^ 


+  4H  = 


CH,    qOH)      CHj 
HjC/Nx^l^CH 


H,<l/3l/,\lcH 

CHj    CH 

or-Tetrahydro-o-naphthol. 


C(OH) 

W^>CH 


CH,    CH 


!H 


v-Xylenol. 


CH      CH 

a-NaphthoL 

Two  more  examples  must  suffice.  Para-phenylenediamine  can  be 
leadfly  converted  into  the  colouring  matters  known  as  indamine, 
laffiraninoy  and  thionine  dyes.  This  property  is  entirely  absent  in 
he  corresponding  naphthalene  deriyatiye.  li^  howeyer,  J^naphtha- 
enediamine  is  reduced  in  the  unsubstituted  nucleus,  the  characteristic 
[Kropeities  of  the  benzene  deriyatiye  immediately  appear.  This  is 
readily  understood  from  the  change  of  structure. 


CH      C .  NH 


H^'^t^C^I^I 


CH 


CH      C.NHg 

p-Kaphthylenediamine. 


+   4H     - 


CHj    C  •  ^H2 
HjC/NjKfl^JH 

H,cl,^^J/|\]cH 

CH2    C  •  TiH2 
ar-Tetraliydro^naphthylene- 
diamine. 


Again,  the  naphthoquinones  combine  with  phenylhydrazine  to  form 
bydrazonesy  whilst  quinones  of  the  benzene  series  are  merely 
reduced  to  the  quinols.  Hydrogenation  in  the  unsubstituted  nucleus 
produces  tetrahydronaphthoquinones  which  show  an  exactly  parallel 
behayiour  with  the  benzoquinones  and  undergo  reduction  to  tetra- 
hydronaphthoquinols. 

The  results  are  embodied  by  Bamberger  in  the  following  three 
propositions : 

1.  In  naphthalene  and  in  those  deriyatiyes  in  which  each  of  the 
eight  carbon  atoms  is  linked  to  a  uniyalent  radical  (or  element) 
there  exist  two  carbon  systemSi  one  of  which  becomes  a  benzene 
ring  when  the  other  takes  up  four  atoms  of  hydrogen. 

2.  If  one  of  the  two  carbon  systems  of  naphthalene  takes  up 
four  atoms  of  hydrogen,  it  assumes  thereby  the  functions  of  an 
open  aliphatic  chain. 

8.  The  process  of  hydrogenation  of  one  system  consists  in  con- 
certing the  product  into  one  resembling  a  benzene  deriyatiye  with 
an  aliphatic  side-chain,  the  hydrogenated  part  assuming  aliphatic, 
the  non-hydrogenated  part  aromatic,  functions. 

The  experience  with  naphthalene  has  been  found  by  Bamberger 
to  embrace  other  cyclic  structures.     If,  for  example,  the  pyridine 
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nucleus  in  quinoline  and  isoquinoline  is  reduced,  the  tetxahydvo 
compounds  so  formed  have  the  closest  resemblance  to  methylamlitt 
in  the  former  case  and  to  benzylamine  in  the  latter. 

CH      CHj 


m 


CH     NH 
TetnhTdroquiiioUne. 

CH     CHj 

HC<''\/^NcHj 


HC 


•nh 


\l/V 

CH     CH, 

Tetrahydroiaoquinoline. 


C^/CHj 

CH    NH 

Methyknilin*. 

CH 
HCfC^'^lCH 


HCI<V>(\/NH, 
CH      CHg 

Benzylamine. 

The  reaemblancfl  is  exhibited  in  the  following  way:   Zieg^' 

showed    that    tetrahydroquinoline   nitrosamine   undergoes  initar 

molecular  change  with  alcoholic  hydrogen  chloride  in  precisely  Vbt 

same  way  as  methylaniline  nitrosamine ;  in  both  cases  the  niiroM 

group   is  transferred   to  the  para  position  to  the   amino  griNV 

(p.  217). 

CHg  CH, 

/IV\CH,  NOiCVVh, 


<'^: 


/CH.2  \  I  y\  yA-'Hj 

NO  NH 

Again,  the  N-methyl  derivative  of  tetrahydroquinoline  bebsrtf 
like  dimethylaniline ; 

CHa 

N3H3  \CH3 

for  it  yields  a  j>-nitroso  derivative  resembling  nitroaodimethylaniliD^^ 
it  forms  a  corresponding  leucomalachite  green  with  benzalddfda 
which  like  that  derived  from  dimethylaniline  yields  a  green  dye-ital 
on  oxidation,  and  it  unites  with  diazonium  salts  to  form  red  azo  colova^ 


J 


'CH< 


>  B«r.,  1888,  81,  862. 


PYKIDINE,  QUINOLINE,  AND  KOQUINOLINE     657 

MoreoTer,  jHuxunotetxahydroquinoline  gives  the  chanoteristio  colour 
changM  exhibited  by  an  alkylated  j>-phenylenediamine,  Buch  as  the 


NH 


NH 


indamine  and  safiPranine  reactions  when  ozidiBed  with  aniline  hydro- 
chloride^ toluylene  red  and  blue  colours  with  m-phenylenediamine, 
and  methylene  blue  with  hydrogen  sulphide  and  ferric  chloride. 

Many  other  &ct8  of  a  similar  nature  have  been  obsenred  among 
deriyativee  of  tri-cyclic  systems. 

Omuanl  Frojyrli—  of  the  AUcaloida.    From  the  long  list  of 

Tegetable  bases  a  few  typical  and  better-known  examples  haye  been 

selected^  with  the    object  of  illustrating  the    manner  in  which 

the  resolution  of  the  alkaloid  has  been  effected,  the  constituent 

fragments    of   the    molecule    identified,  and   the   problem   of  its 

structure    finally  solyed.     It    is   impossible    to    lay  down  other 

than  broad  generalizations  in  describing  the  alkaloids.    They  are 

confined  to  no  special  orders  or  parts  of  plants;   but  they  are 

specially  abundant  in  the  families  of  Bubiaceae^  Solanaceae,  and 

Papayeraoeae,  and  rare  in  those  of  Labiatae  and  Bosaceae.    It  is 

seldom  that  only  one  alkaloid  is  present  in  the  plant,  more  commonly 

there  are  seyeral ;  in  opium,  for  example,  as  many  as  twenty  indiyiduals 

haye  been  isolated,  and  the  alkaloids  which  are  associated  in  this 

way  are  usually  closely  related  in  structure  and  propertiea    Where 

the  alkaloids  are  of  a  strongly  poisonous  character  they  are  probably 

elaborated  by  the   protoplasm  for  defence  against  destruction  by 

animals.    A  few,  which  like  conine  and  nicotine  are  liquid,  are  as 

a  rule  free  from  oxygen,  but  the  majority  are  solids  and  contain 

oxygen.     The  larger  number  of  alkaloids  are  colourless,  but  a  few, 

such  as  berberine  and  sinapine^  haye  a  yellow  colour.     They  are 

yery  slightly  soluble  in  water,  but  are  much  more  readily  dissolyed 

by  alcohol,  ether,  and  other  organic  solyents.    They  possess  a  bitter 

taste,  an  alkaline  reaction,  and  form  crystalline  salts  and  double 

salts.    The  majority  are  optically  actiye  and  these  are  nearly  all 

laeyogyrate.     They  rarely  exist  in  the  plant  in  the  free  state,  but 

are  more  frequently  present  as  malates,  citrates,  lactates,  tannates, 

or  bound  to  some  other  acid  which  is  a  peculiar  accompaniment  of 

the  alkaloid.    Meconic  acid,  for  example,  is  combined  with  moiphine 
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in  opiuniy  quinic  acid  with  quinine^  chelidonic  acid  witti  <»li<Jy*>Tiinft, 
and  aconiiic  acid  Mrith  the  alkaloids  of  aoonitine.     The  •iWlmA 
contain  one  or  two  atoms  of  nitrogen,  raraly  three  or  four,  and  the 
nitrogen  imparts  to  the  compound  the  function  of  a  secondary^  or 
more  frequently  of  a  tertiary,  base.    The  nitrogen  is  firmly  fixed  in 
the  molecule ;  but  it  can  be  occasionally  removed  as  ammonia  lij 
the  action  of  strong  reducing  agents ;  by  the  action  of  i^Hn^lMy  it  k 
sometimes  eliminated  as  methylamine,  indicating  the  attaehmaiit 
of  methyl  to  the  nitrogen  in  the  molecule.    The  number  of  sudi 
methyl  groups  can  be  ascertained  by  a  method  analogous  to  that 
of  Zeisel  for  estimating  methoxyl  groups.    The  stability  of  the 
cyclic  nitrogen  atom  in  the  alkaloid  is  greatly  weakened  by  wiM^^ttg 
the  element  quinquevalent.    An  example  of  this  character  has  beeo 
given  in  the  case  of  the  benzyl  chloride  compound  of  qoinoline, 
which  on  oxidation  gives  a  derivative  of  anthranilic  acid.     This 
property  has  been  utilized  by  Hofinann  in  breaking  down  some  of 
the  alkaloids  and  will  be  referred  to  later.    When  oxygen  is  presot 
in  the  alkaloid  it  is  usually  in  the  form  of  hydroxyl  or  methoxyl,  and 
occasionally  as  carboxyl  or  an  ester  group.    The  ordinary  metliods 
can  be  applied  in  determining  the  number  and  nature  of  these 
groups.    The  chemical  characters  of  the  alkaloids  are  very  diverse. 
Some,  like  piperine^  are  amides;  others^  like  atropine,  are  esters; 
solanine  is  a  glucoside.     In  all  these  cases  they  can  be  hydrolysed. 
Cocaine  on  hydrolysis  splits  up  into  methyl  alcohol,  bensoio  add, 
and  a  base,  ecganine*    Where  hydrolysis  can  be  effected,  it  always 
precedes  any  other  process  of  decomposition.     The  action  of  alkali^ 
of  zinc  dust  and  of  other  reducing  agents,  has  been  used  to  eSed 
further  changes,  but,  of  all  reactions,  the  most  valuable  results  have   f 
usually  been  derived  from  regulated  oxidation.   Among  the  numerooi 
oxidising  agents,  potassium  permanganate  in  acid  or  alkaline  solution, 
nitric  and  chromic  acids  are  generally  employed.    The  alkaloids  are 
usually  classified  under  (1)  derivatives  of  pyridine ;  (2)  derivatives 
of  pyrrolidine ;  (8)  derivatives  of  quinoline ;  (4)  derivatives  of  ia>- 
quindine  ;  (5)  derivatives  of  purine. 

Examples  are  selected  from  each  of  these  groups,  excepting  that  of 
the  purine  bases,  which  is  treated  elsewhere  (p.  867). 

THE  PYRIDINE  ALKALOIDS 

Mperine.  The  dried  fruit  of  black  pepper  (piper  nigrum)  eon- 
tains,  in  addition  to  a  terpene  and  a  resin,  from  7-8  per  cent  of 
a  tasteless  crystalline  alkaloid  termed  piperine,  which  was  discovered 
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in  1819  by  Oersted.  Its  composition,  CX7H19NO3,  was  first  correctly 
ascertained  by  B^gnault.  Piperine  is  a  weak  base,  and  is  without 
action  on  polarized  light.  In  1845  Wertheim  and  Bochleder  ^  found 
that,  on  distilling  it  with  soda-lime,  a  volatile  liquid  passed  into  the 
receiver,  possessing  a  strong  ammoniacal  smeU  and  basic  properties, 
T^hich  Cahours  named  piperidmej  and  gave  it  the  formula  C5H11N. 
A  few  years  later  Babo  and  Keller '  discovered  that  piperine  could  be 
decomposed  by  means  of  alcoholic  potash  into  piperidine  and  the 
potassiimi  salt  of  a  new  add,  to  which  the  name  piperic  acid  was 
given.    The  decomposition  may  be  represented  as  follows : 

C„HigN03  +  H^O     -     C^HnN   +   C12H10O, 

Piperine.  Piperidine.      Piperic  acid. 

The  result  led  to  a  partial  synthesis  by  Bttgheimer '  in  1882,  by 
acting  on  piperidine  with  piperic  chloride  dissolved  in  benzene, 

CnH«02 .  COCl  +  C5H11N  =  C17H19NO3  +  HCl 

Piperic  chloride.    Piperidine.       Piperine. 

from  which  it  follows  that  piperine  is  probably  an  amide.  Piperidine 
has  a  powerful  ammoniacal  smeU,  a  strongly  alkaline  reaction,  and 
exhibits  all  the  properties  of  a  secondary  base. 

The  first  important  contribution  to  our  knowledge  of  the  constitu- 
tion of  piperidine  is  due  to  Hofinann,^  who  in  1879  showed  that  by 
heating  it  with  bromine  and  water  at  200-220^,  dibromo-hydroxy- 
pyridine  is  formed.  This  close  relationship  to  pyridine,  from  which 
piperidine  differs  by  only  six  atoms  of  hydrogen,  was  further  demon- 
strated by  Eoenigs'  in  the  same  year,  by  converting  it  directly  into 
pyridine  by  oxidation  with  strong  sulphuric  acid  at  800^,  and  later 
by  Lellmann  and  Qeller,  who  used  nitrobenzene  at  a  temperature  of 
260°.  Piperidine  must  therefore  be  regarded  as  hexahydropyridine, 
a  conclusion  which  was  supported  by  the  subsequent  reduction  of 
pyridine  to  piperidine  by  means  of  tin  and  hydrochloric  acid,  or  by 
sodium  and  alcohol.  Its  complete  synthesis  was  effected  by 
Ladenburg'  in  1885,  by  rapidly  distilling  the  hydrochloride  of 
pentamethylenediamine. 

CgHiofNHJj .  2HCI1  -  CfiHxiN .  HCl  +  NHgCl 

Pentamethylenediamine         Piperidine 
hydrochloride.  hydroehloride. 

The  latter  compound  is  obtained  from  trimethylene  bromide, 

1  AnnaXen,  1845,  54,  255.         >  J,  prdkL  Qiem.,  1857,  72,  68. 

'  Bsr.,  1882, 15,  1890.  *  Ber.,  1879, 12,  985. 

•  Ber.,  1879, 12,  2841.  •  JBer.,  1885, 18,  2956,  8100. 
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which  is  suoceasively  eonTsited  into  trimethylene  oyMiide,  and  on 
reduction  with  sodium  in  alcoholic  solution  into  pentamathylaiK- 
diamine. 


CH.Br  CH« .  CN  OH, .  OH. .  NH, 

Gxx2         ^    Cxi2  •..>    Cxl^  — ^     CH^     NH 

II  I  II 

CHjjBr  CH2.ON  CHj.CHj.NHa 

Trimethylene       Trimethylene  Pentamethylene- 

bromide.  cyanide.  diamine. 

Other  syntheses  have  since  been  discovered.  Gabriel  and  Blank 
conyerted  (i>-chloramylamine  and  ii>-bromamylamine  into  pipeiidine  by 
treating  with  alkali,^ 

CHa<f  +  KOH  -  CHs*^^  J)>NH  +  Ka  +  BJ) 

^0x12  *  G^3  •  ■Nu.2  Mylj[2  *  ^^2 

w-Chloramylamine. 

and  8-amino  valeric  aldehyde,  which  is  obtained  by  the  oxidation  of 
benzoyl  piperidine,  can  by  the  reverse  process  of  reduction  be  trans- 
formed into  piperidine. 


.2.  +  2H  -  CHj/^  NnH + H,0 

0x12  •  CH2  •  NH2  ^CH2  •  CH^^ 


8-Amino  valeric  aldehyde. 

It  may  be  well  to  consider  here  some  of  the  changes  produced 
by  the  action  of  certain  reagents  on  piperidine  and  its  derivatrve^ 
since  similar  reactions  have  been  employed  in  the  study  of  other 
alkaloids. 

It  has  already  been  stated  that  when  the  nitrogen  of  the  base 
becomes  quinquevalent  it  is  more  subject  to  change,  lliis  wis 
shown  years  ago  by  Hofmann '  in  the  case  of  quaternary  ammonium 
bases.  Thus,  tetraethylammonium  hydroxide  on  heating  breaks  up 
into  triethylamine,  ethylene,  and  water. 

(C2H,),N .  OH  «  (C2H5)3N  +  C2H4  +  H2O 
In  applying  this  reaction  to  piperidine,  a  similar  change  occurs.' 
Piperidine  is  convertible  into  the  tertiary  base,  methyl  piperidine,  bj 
the  action  of  methyl  iodide,  and  forms  an  additive  compound  with 
methyl  iodide  which  yields  in  the  ordinary  way  dimethylpiperidiniom 
hydroxide.  The  latter,  on  distillation,  loses  water  and  forms  a  com- 
pound having  the  composition  of  dimethyl  piperidine.  These  changes 
have  been  shown  by  Ladenburg  to  occur  in  the  following  way : 

'  Ber.,  1892,  25,  421,  S040.  >  AnnaUn,  1851,  78,  268. 

*  JBer.,  1881, 14,  494,  659. 
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CH, 

I 


Hethylpiperidine. 


Ls^Hj 


CH3 

Dimethylpiperidine. 


OH  CH3  C] 

Dimethylpiperidinium 
hydroxide. 

If  now  the  last  oompotmd  be  in  turn  subnutted  to  a  similar  series 
of  reactions,  the  final  product  decomposes  on  distillation  into  pipery- 
lene,  trimethylamine,  and  water. 


CH, 
Hc/\CH 

H,0      JcH 
OH— N 

ClCcHo  CH 


CH 
HC/\CH 


2 


HjjC 


<3H 


+  NCCHaJa  +  HjO 


2 


Piperylene. 


8 


The  process  is  known  as  '  exhaustive  metfaylation  \ 

In  connection  with  the  open-chain, '  dimethylpiperidine/  Merling  ^ 

has  made  the  interesting  observation  that  on  treatment  with  hydro* 

chloric  acid  the  chain  closes,  and  by  isomeric  change  a  dimethyl 

pyrrolidine  methyl  chloride  is  formed,  and  at  a  higher  temperature 

methyl   chloride    is   removed  and  if-methyl-a*methyl  pyrrolidine 

results. 

CH  CHg 


CHj  VAX3 

Dimethylpiperidine. 

H,G pH, 

CHaHclv^H, 

a— N 

CH3  CHa 

Dimethylpyrrolidine 
methyl  chloride. 


GH3  CH3 

Intermediftte  hydrochloride. 

H,G |CH, 

CH3H(\JcH, 

N 

CHs 


2Mfeihyl-a-methyl 
pyrrolidine. 


^  Armakn,  1891,  264,  810. 
O  O 
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The  preB0noe  of  an  acid  radical  attached  to  the  nitzogen  atom  in 
phce  of  hydrogen  rendeis  piperidine  readily  oxidisable^  a  prococa  bf 
which  the  ring  is  ruptured  and  an  open-chain  compound  produced. 

ThuB,  piperidyl  methane  gives  on  oxidation  y-carbethozyainino- 
butyiio  aoidy  which  splits  up  with  hydrochloric  acid  into  cUitI 
chloride,  carbon  dioxide,  and  y^uninobutyric  acid, 


CHa 

HjOv     JCHj 

N.COOCjHj 
Piperidyl  urethane. 


CH, 
H,c/\C00H 

»H .  OOOCjHg 

7-CM'lMthozysinino- 
batyrieaoid. 


CH, 


whilst  benzoyl  piperidine  on  treatment  with  potaanom  petmanganalB 
forms  benzoyl  S^uninovalerio  aoicU 

CH, 

~*  H,cll      IcOOH 

NH.CO.CH, 
Benzoyl  S-«minovmlerie  a«id. 


^.CO.C,Hj 

Beozoylpiperidine. 


The  hitter  process  may  be  reversed,  in  the  sense  that,  on  heating; 
d'aminovaleric  acid  loses  water  and  gives  the  hustam,  a-piperidone. 

CH, 

Hjol      IcOOH  "* 

NH, 

9-AminoTalerio  aoid. 


It  is  an  interesting  fact  that,  whereas  the  open-chain  compound  is 
without  physiological  action,  piperidone  is  a  strong  poison. 

The  action  of  phosphorus  pentachloridey  which  has  been  recently 
studied  by  v.  Braun,^  promises  to  become  a  useful  addition  to  tbe 
methods  of  breaking  down  the  cyclic  structure  in  alkaloids. 

Benzoylpiperidine  with  phosphorus  pentachloride  yields  a  mixtors 
of  benzonitrile  and  1 : 5-dichloropentane. 


<  Ber.,  1904,  87,  2688. 
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CH, 
H,c/\CH 


^' 


s 


CHj 
HgC/N^H 


N.COCflHg 

Benzoylpiperidlne. 


ClHad 


2' 


2 


teH^a 


+  CN .  CnH 


G-^6 


1 : 5-DiohIoropentaiie.    Benzonitrile. 


Fiperic  AdflL  The  acid  constituent  of  pipeline  has  still  to  be 
considered.  Our  knowledge  of  its  structure  is  due  to  Fittig.  Piperic 
acid  is  a  crystalline  compound  of  the  formula  Ci2Hio04«  It  is 
unsaturated^  since  it  unites  with  four  atoms  of  bromine,  forming 
a  tetrabromo  derivatiye,  OiJRiqBt^^O^.  On  reduction  with  sodium 
amalgam  it  forms  a-  and  )8-dihydropiperic  acid,  C12H12O4  (p.  461),  and 
the  latter  can  take  up  two  additional  atoms  of  hydrogen,  when  the 
saturated  tetrahydropiperic  acid  is  obtained.  On  oxidation  with 
potassium  permanganate  it  yields  two  compounds,  jpijpertmol, 
CgHeOj,  and  p^^eronyUc  acidj  O^Rfi^.  The  former  is  an  aldehyde 
which  readily  changes  on  oxidation  into  the  latter.  Piperonylic 
acid  is  a  saturated  acid  and  decomposes  on  heating  with  hydro- 
chloric  acid  at  170^,  or  with  water  at  210^,  into  protocatechuic  add, 
carbon  being  separated. 

OgHeO^        =        CyHeO^  +  C 

Piperonylic  acid.  Protocatechuic  acid. 

By  reversal  of  the  process,  Fittig  and  Bemsen  succeeded  in  build- 
ing up  piperonylic  acid.  This  was  effected  by  heating  protocatechuic 
acid  with  methylene  iodide  in  presence  of  potash. 

C7H'e04  +  CHjIj  +  2K0H  -  OgHeO^  +  2HjO  +  2KI 

The  structure  of  protocatechuic  acid  being  known,  the  formulae 
of  piperonal  and  piperonylic  acid  probably  stand  in  the  following 
relationship : 


OOH 


Protocatechuic  acid. 

The  group  ^  piperonyl  * 


JCHO 


ICOOH 


Piperonal. 


Piperonylic  acid* 


CH,<;V>C.H8' 


is  not  an  uncommon  constituent  of  vegetable  products. 

Piperic  acid  can  only  possess  one  side-chain  corresponding  to  the 
carboxyl  group  of  piperonylic  acid,  and  since  its  formula  is  that  of 

002 
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piperonylic  acid  with  the  addition  of  the  di-olefinie  group  O^^^  it 
is  probably  represented  as  follows : 


:CH.CH:CH.CX)OH 

This  agrees  with  the  fact  that  it  yields  two  isomeric  dihydro 
deriyatiyes  (p.  178),  and  also  with  Doebner*s  disooyeiy  that  on  carafbl 
oxidation  it  forms  piperonal,  the  side-chain  being  oxidised  to  raeemic 
acid.  The  structure  of  the  acid  is  further  confirmed  by  its  synthesB 
from  piperonal  by  Ladenburg  and  Scholtz.*  Piperonal  condenses 
with  acetaldehyde  in  presence  of  caustic  soda  solution.  The  on- 
saturated  aldehyde,  piperonyl  acrolein,  is  then  conyerted  by  means 
of  Perkin's  reaction  into  piperic  acid. 


^\olJcH:CH. 


HO  ^0^.     JCH :  CH  •  CHO 

PiperonaU  PiperonyUorolein* 


!H:CH.CH:CH.COOH 

Piperio  acid* 

The  complete  structure  of  the  alkaloid,  piperine,   is   therefore 

represented  by  the  following  formula : 

CH, 

HjCf     7CH, 


CH  HjOv      ICH^ 

.dlJc.CH:CH.CH:CH.CO 
Piperine. 

Conine.  Hemlock  {conium  mactUatum)  contains  the  alkaloid  conine, 
CgHi^N,  associated  with  smaller  quantities  of  four  other  related 
substances,  y^coniceXne^  CgHigN,  oonhydrine,  CgHi^NO,  the  iaomeric 
pseudoconhydrine,  and  ^-methyl  conine,  CJSiJS.  It  oocurs  in  the 
plant  in  combination  with  malic  and  caffeic  acids.  The  largest  quan* 
tity  (about  1  per  cent)  is  present  in  the  unripe  fruit,  from  which  it 

1  Ber.,  1894,  S7,  296& 
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znay  be  obtained,  along  with  the  other  bases  present,  by  distillation 
i^rith  potash*  It  is  a  volatile  oil  with  a  penetrating  and  unpleasant 
smelly  and  is  extremely  poisonous.  It  is  dextro-rotatory,  [a]o  >»  + 18«8^. 
Conine  was  discovered  by  Oiesecke  in  1827,  but  its  composition  was 
not  accurately  known  until  1881,  when  Hofinann  began  his  classical 
inveetigaiion,  which  ultimately  disclosed  the  true  constitution  of  this 
interesting  alkaloid.  In  1885  he  pronounced  it  to  be  a-propylpiperi' 
dine.  The  synthesis  of  the  alkaloid — the  first  to  be  obtained  artificially, 
was  accomplished  by  Ladenburg  in  the  year  1886.* 

It  would  occupy  too  much  space  to  do  full  justice  to  Hofmann's 
researches,  which  are  contained  in  six  papers  published  during  the 
years  1881-5*;  but  it  should  be  remembered  that  the  path  of  inquiry 
which  he  pursued  was  then  almost  untrodden,  and  the  obstacles  which 
beset  the  pioneer  in  such  an  unknown  region  could  only  be  surmounted 
by  rare  ingenuity  and  unfailing  resource. 

The  constitution  of  conine  is  mainly  based  upon  the  behaviour  of 
the  hydrochloride  with  heated  zinc  dust.  Contrary  to  the  usual  effect 
of  this  reagent,  hydrogen  is  removed  and  conine  forms  a  new  base, 

C8Hi7N-C8HnN  +  6H 

This  compound  yields  picolinic  acid  on  oxidation,  and  consequently 
contains  a  propyl  or  isopropyl  side-chain  in  the  a-position.  The 
choice  between  propyl  and  isopropyl  pyridine  is  fixed  by  a  comparison 
with  the  artificially  prepared  compounds  and  by  the  products  of 
oxidation  and  reduction  of  conine  itseUl 

Strong  hydriodic  acid  converts  conine  into  ammonia  and  normal 
octane,  which  could  only  occur  if  the  side-chain  formed  a  normal 
linkage. 

CMa  Coo 

I  ^  L  +NH3 

SgCr^    JKjSl  .  Cli)  •  CHj  *  CM3     H3O       vlllg  •  Cxi2  •  CXI2  •  Cfis 

ti-Plropjl  piperidine.  n-Ootane. 

The  oxidation  products  of  the  urethane  and  benzoyl  derivatives  of 
conine  obtained  by  Schotten  and  also  by  Baum '  which  correspond  to 
those  of  piperidine  (p.  560)  also  indicate  the  presence  of  a  normal 

*  Bw.,  1886, 19,  480,  267a  Anmilgn,  1888,  247,  1 ;  1894,  279,  844. 

*  Btr.,  1881, 14,  706 ;  1882, 15,  2818 ;  1888, 16,  668 ;  1884, 17,  825 ;  1885, 18, 

5,  leo. 

*  jBtr.,  1882, 16, 1947 ;  1886, 19,  602. 
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propyl  group,  'vdiilflt  by  the  use  of  hydrogen  peroxide^  WoUbnsMii^ 
obtained  among  other  products  amino-n-propyl  valeric  aldehyda 

CHj 
Ha 

OHO      JCH.OsHt 
NH, 

The  evidence  adduced  by  the  procees  of  exhaustive  methylaiioii 
points  in  the  same  direction,  for  on  distilling  the  methyl  hydroxide 
of  dimethylconine,  which  is  prepared  like  the  corresponding  com- 
pound of  piperidine,  it  decomposes  into  a  hydrocarbon  coiijfl«ie, 
trimethylamine,  and  water* 

CHj 


H  •  CH2  •  CH2  •  GH3 


HO.N 


GH, 
HC3/\CH 


+  N(CHJ,  +  H,0 


H^O        xjH.  •  CHji  •  CHg  •  CH3 

Conylene. 

The  substances  described  as  ctmicelSneB,  of  which  Hofiaouinn  prqMied 
five  isomers^  are  intermediate  reduction  products  between  oonyrineand 
Conine,  and  have  the  formula  GgHisN.  y-Conicelne^  which  is  found 
in  crude  conine^  can  be  prepared  by  the  action  of  alkalis  on  ehlorch 
or  bromo-conine,  and,  since  it  is  inactive,  probably  has  the  formula: 

OHj 


Ha 


•  C3H7 


TH 

7-ConioeIne. 

Synthesis  of  Conine.  We  have  now  to  follow  the  steps  by 
which  Ladenburg  with  admirable  perseverance  succeeded  in  boildiog 
up   the  artificial   compound.     The  attempt  to  obtain  a  propyl 


>  Ber.,  1895,  as,  1460 ;  190i,  87,  8288. 
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pyridine  by  heating  the  propyl  iodide  compound  of  pyridine  (p.  687) 
failed,  because  in  the  process  an  intramolecular  change  occurs,  the 
normal  propyl  passing  into  the  isopropyl  group.  The  second  method 
met  with  greater  success.  It  was  based  upon  an  observation  of 
Jacobsen  and  Beimer,^  who  found  that  when  heated  together  quinal- 
dine  condenses  with  aldehydes  and  ketones  to  form  alkylidene 
quinaldinea  With  benzaldehyde,  benzylidene  quinaldine  is  fonned  : 

w     >k     JCH3  +  OCH  •  C0H5  ■■  k     X.     JCH :  CH  •  C0H5  +  HgO 

N  N 

Quinaldine.  BansEylidene  quinaldine. 

If  a-picoline  is  substituted  for  the  base  and  aoetaldehyde  or  par- 
aldehyde for  benzaldehyde,  and  the  two  heated  to  250^,  then  a 
small  yield  of  a-allylpyiidine  ia  obtained. 


Ho  +  OCH  •  CHo  ■■ 


■^a 


8 


H:CH.CHj  +  HaO 


Allyl  pyridine  is  reduced  in  alcoholic  solution  by  sodium  and 
conrerted  into  a-propyl  piperidina 

CH  CH^ 

HC/\3H  Hg( 


CH:CH.CH 


3 


H 


H .  CHg .  CH^ « CH3 


The  compound  is  nearly  identical  with  the  natural  alkaloid ;  in  one 
important  property  only  is  it  lacking.  The  natural  compound  is 
dextrogyrate^  whereas  the  artificial  product  is  inactive.  It  is  manifest 
that  in  propyl  piperidine  the  carbon  atom  of  the  nucleus  to  which  the 
side-chain  is  attached  is  asymmetric  (p.  68).  The  artificial  compound  is 
probably  the  racemic  form  and  capable  of  separation  into  two  active 
constituents.  This  was  the  view  taken  by  Ladenburgi  and  after 
many  trials  he  succeeded  in  separating  the  dextro-  and  laevo-com« 
ponents  by  utilizing  the  different  solubilities  of  the  bitartrates.  The 
dextro-base  proved  in  every  respect  identical  with  natural  conine. 

A  few  years  later  Ladenburg's  results  were  confirmed  by  a  second 
synthesis  by  Engler  and  Bauer.*  By  distilling  molecular  equivalents 

^  Ben,  1888,  IS,  518, 1082, 1892,  2602,  2942. 
>  B§r.,  1891,  24,  2580 ;  1894,  27, 1775. 
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of  the  calcium  salts  of  propionic  and  picolinic  aeids^  they  obtained 
a-othyl  pyridyl  ketone,  which  on  reduction  is  converted  suoeessiTdj 
into  opethyl  piperidyl  alkamine  and  inactiye  a-propyl  piperidine. 


O.OA 


o-Ethyl  pyridyl 
ketone. 


(OH) .  CgHj 


a-Eihyl  piperidyl 


OA 


a-Pkopyl 
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ncctiiie  is  the  alkaloid  of  tobacco  leaves,  and,  like  oonine,  it  is 
associated  with  small  quantities  of  other,  probably  similarly  con- 
stituted, substances.  The  alkaloid  is  found  in  the  plant  in  com- 
bination with  malic  and  citric  acid,  and  the  quantity  yaries  between 
0*6-8  per  cent.,  good  leayes  containing  lees  than  inferior  spedm0D& 
It  is  an  oil,  which  boils  at  247°,  and  is  a  powerful  poison,  even  in  the 
form  of  vapour.  It  is  laevogyrate.  It  was  originally  discoveied  hy 
Posselt  and  Beimann  in  1828,  but  its  true  formula  (C10H14N2)  was 
first  ascertained  by  Helsens.  Nicotine  has  been  the  subject  of  pro> 
longed  and  careful  study,  chiefly  by  Blau  and  Pinner,  and  later  by 
Fictet,  who^  in  1904,  in  conjunction  with  Botschy,  succeeded  in 
preparing  it  artificially,  thereby  confirming  the  structural  formnla 
arrived  at  by  Pinner^s  researches.  We  propose  to  follow  the 
principal  steps  which  have  led  to  the  knowledge  of  the  stmotoie 
and  ultimately  to  the  synthesis  of  nicotine,  omitting  those  reactions 
which  have  a  less  important  bearing  on  the  problem  before  us. 

Nicotine  is  a  di*acid  and  also  a  bi-tertiary  base,  for  it  unites  with 
two  molecules  of  alkyl  iodide,  and  likewise  forms  two  difimnt 
quaternary  compounds  containing  one  molecule  of  methyl  iodide. 
Of  the  latter,  one  is  obtained  by  the  action  of  methyl  iodide  on  the 
hydriodide  of  the  base.  When  transformed  into  the  quateinaiy 
hydroxide  and  oxidised,  Pictet  and  Genequand  obtained  trigonelline 
(p.  641),  from  which  it  follows  that  pyridine  is  of  the  two  the  weaker 
basic  group.  The  stronger  oxidising  agents  convert  nicotine  into 
nicotinic  acid,  that  is,  )3-pyridine  carboxylic  acid.  Milder  nyi^iiMT^ 
agents  like  silver  oxide  or  potassium  ferricyanide  jrield  nieotjfnm 
O10H10N2,  whilst  hydrogen  peroxide  gives  a  substance  C10H14N/) 
of  unknown  constitution  which  is  named  oflyntco^wie.  Thus  fitf, 
we  may  conclude  that  one  basic  group  is  pyridine,  and  that  it  is 
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linked  in  the  )3-po6ition  to  the  second  basic  group.  The  nature  of 
this  second  group  is  mainly  deriyed  from  Pinner's  researches  on  the 
bromination  of  nicotine,  which  will  now  be  considered.  At  ordinary 
temperatures  nicotine  gives  a  perbromide,  GiJELnBTf^'S^O,  from  which 
water  or  ammonia  easily  removes  three  of  the  bromine  atoms  (one  as 
hydrogen  bromide),  forming  dibromocoUnine  OioHioBr2N20.  By  the 
action  of  bromine  at  100^  the  hydrobromide  of  dibromotieonme 
CioHgBrsNsOs  is  formed.  Both  compounds  are  decomposed  by 
bases ;  the  first  breaks  up  into  methylamine,  oxalic  acid,  and  the 
base  C7H7NO,  which  is  probably  )9-methyl  pyridyl  ketone,  the  second 
forms  methylamine,  malonic  and  nicotinic  acids.  These  facts  afford 
valuable  information.  The  second  basic  group  contains  one  carbon 
atom  as  methyl  united  to  a  nitrogen  atom.  The  simultaneous 
appearance  of  malonic  and  nicotinic  acid  among  the  fragments  of 
bromoticonine  imply  a  )3-pyridine  side-chain  of  four  carbon  atoms, 
and  hence  will  possess  a  skeleton  structure  of  the  following  character : 

C 

c/\i.G.c.o.o. 


V 


Seeing  that  nicotine  is  a  bitertiary  base.  Pinner  concluded  that 
the  atoms  of  the  second  basic  group  were  fused  into  a  methyl 
pyrrolidine  nucleus  thus : 

CH     ^ 
Hc/Nc--H 


Niootine. 

Nicotine  therefore  represents  a  )3-pyridyl-a-^-methylpyrrolidinei 
Let  us  examine  in  the  light  of  this  formula  the  behaviour  of  nicotine 
on  bromination.  According  to  Pinner,  dibromocotinine  and  dibro- 
moticonine  are  probably  represented  by  the  following  formulae  : 

OG CHBr 


N 
I 

Dibromoootinine. 


Y 


V 


rdv     Jc 


CH, 


Dibromoiioonuie. 
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The  action  of  bases  on  these  two  substances  would  be  to  nplaee 
bromine  by  hydrozyl.  This  would  be  followed  by  a  ruptuze  of  the 
pyrrolidine  nucleus  and  the  formation  of  pyridyl  methyl  ketone  wA 
oxalic  add  in  the  first  case  and  of  nicotinic  and  malonio  acid  in  Am 
second. 

The  other  properties  of  nicotine  are  also  easily  explained,  mto- 
tyrine,  which  contains  4  hydrogen  atoms  less  than  nieotiney  iriO 
probably  be  represented  by  the  following  formula : 

HO CH 


Nieotyrine. 

hexahydronicotine,  which  is  obtained  by  the  rednctiMi  d 
nicotine  with  sodium  in  alcohol  solution,  will  correspond  to  the 
piperidine  derivatiye.  The  production  of  the  octohydronicotiii^ 
which  is  also  formed  on  reduction,  can  <ndy  be  explained  by  the 
rupture  of  the  pyrrolidine  nucleus.  This  is  confirmed  by  the 
following  ftct  The  additiye  compound  of  nicotine  with  benzol- 
chloride  is  converted  by  sodium  alcoholate  into  mekmieaimef  a  beee 
isomeric  with  nicotine  which  on  reduction  gives  octohydroniootiDa 
The  explanation  is  denoted  by  the  following  formulae : 

HCi 


^"^N— CHCa'     J0H2 

N 


N     CeH^CO    C 


[On jCH, 

hIi    JcHj 


3 


Benzoyl  chloride  additive  oompound. 


NH 

N  CHs 

Ifetaniootine. 


Y 

Ootohydronicotine. 

Synthesis  of  Vicotine.    The  merit  of  this  achievement  belongs 
to  Pictety  CrdpieuXy  and  Rotschy.^    The  steps  in  the  diaooveiy  tf* 

^  Ber.f  1805,  28,  1904 ;  1904,  87,  1225. 
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l>riefly  aa  follows :  Pictet  and  Crdpieuz  obtained  jy-/7-pyridyl  pyr- 
Tole  by  the  distillation  of  j3-aminopyridine  mucate^  a  reaction  which 
corresponds  exactly  to  the  formation  of  pyrrole  from  ammonium 
znucate. 

CHOH .  CHOH .  COONH4      CH=CHv 

I  =  I  >NH  +  NH8  +  4HaO  +  2C02 

CHOH  •  CHOH .  COONH4      CH=CH/ 


According  to  an  observation  of  Ciamician  the  i?'-alkyl  deriTatives 
of  pyrrole  like  those  of  pyridine  undergo  molecular  change  on  heating 
by  the  shifting  of  the  radical  from  the  nitrogen  to  the  a-Ksarbon.  By 
passing  the  vapour  of  w^-pyridylpyrrole  through  a  ied*hot  tube  it 
isomerises  to  aj3-pyridylpyrrole. 


JlT-i^-Pyridylpyrrole. 


V 


v 


a/3-Fyridylpyrrole. 


By  the  action  of  methyl  iodide  on  the  potassium  salt  of  the  latter 
a/S-pyridyl-jy-methylpyrrole  methiodide  is  formed,  which  is  identical 
with  nicotjrrine  methiodide. 


Nicotyrine  methiodide. 


As  nicotine  contains  four.atoms  of  hydrogen  more  than  nicotyrine, 
which  may  be  regarded  as  its  first  oxidation  product,  the  next 
problem  was  to  reduce  nicotyrine.  This  cannot  be  effected  directly ; 
but  by  the  action  of  iodine  and  caustic  soda  on  nicotyrine  from 
natural  nicotine  a  crystalline  iodine  substitution  product  is  obtained 
(IX  which  can  be  reduced  with  zinc  and  hydrochloric  acid  to  dihydro- 
nicotyrine  (II).  The  last  two  hydrogen  atoms  can  be  introduced  by 
the  reduction  of  the  perbromide  of  dihydronicot3rrine  (III). 
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HG 


/\ 


ICH, 


rv 


CHg 


BrG       j^ 


Y 


PH, 


CH 


s 


n 


Iodide  of  Niootyrine.       Dihydroniootyrine. 


HGH,  Br.  Br, 
ni 

Dihydroniootyrine 
perbrooaide. 

The  new  base  appeared  to  be  identical  with  inactiye  nicotine.  The 
final  problem  was  how  to  isolate  the  artificial  niootyrine  from  its 
methiodide.  After  seyeral  unsuccessful  trials  this  was  eventually 
accomplished  by  distilling  it  with  lime  at  as  low  a  temperatare  as 
possible.  Inactive  nicotine  was  then  prepared  ftom  the  product  in 
the  manner  described  above  and  resolved  like  inactive  oonine  into 
its  active  components  by  crystallizing  the  tartrates.  A  oompariaon 
of  synthetic  ^nicotine  with  the  natural  alkaloid  showed  oon^efcs 
identity.  The  difference  in  the  physiological  action  between  tlie 
d-  and  ^nicotines  is  remarkable  and  has  been  referred  to  already  on 
p.  77. 


AtM^pine.  Some  of  the  Solanaceae — deadly  night-shade  or  bdla- 
donna  {atropa  bdladonna),  henbane  (^^Oftyomii^  fi^er),  thom-apide 
{datura  stmnmomum)  and  an  Australian  plants  dUboisia  m^fopomdes 
— contain  several  alkaloids  which  are  closely  related  in  chemical  and 
physiological  properties.  Four  of  these,  airqpmef  Aflfoacyawtwf, 
paeudohpaaqfamme  and  hsfoseine  are  isomeric,  and  have  the  fofmula 
G17H23NO3:  the  others,  beOadon/inej  apoainipine  CiyHsiNO^  and 
scopolamine  C17H21NO4,  are  litttie  known.  The  most  important  are 
atropine  and  hyoscyamine,  which  are  present  in  all  the  plants  named 
and  in  all  parts  of  the  planti  though  the  total  quantity  is  small  and 
rarely  exceeds  one-half  per  cent 

Atropine  and  hyosoyamine,  to  which  we  shall  confine  our  attentaou, 
are  usually  extracted  from  the  root  of  the  deadly  nightHBhade  with 
alcohol,  firom  which,  after  precipitating  the  colouring  matter  and 
removing  the  alcohol  by  distillation,  the  bases  are  set  free  with 
potassium  hydroxide  and  extracted  with  chloroform. 

It  may  be  stated  at  once  that  hyoscyamine  is  the  laevo  modifirtatien 
of  atropine  which  represents  the  inactive  racemic  form,  so  that  in  the 
description  of  the  general  chemical  properties  and  structoie  both 
compounds  are  included. 

Atropine  is  a  crystalline  compound  whidi  partly  suUimea  on 
heating.    It  is  extremely  poisonous  and  is  optically  inaetiva.    It 
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acts  as  a  mydriatic^  that  is^  it  causes  dilation  of  the  pupil  and  is 
universally  used  in  the  ezaminatioQ  and  treatment  of  diseases  of  the 
eye.  Atropine  was  discovered  in  1881  almost  simultaneously  by 
Mein  and  by  Geiger  and  Hesse.  In  1868  Kraut,  and  a  year  later 
Loesen,  succeeded  in  hydrolysing  the  substance  with  alkali  or  add 
into  a  base,  tropinef  and  an  acid,  tropic  octJ. 

CnHjsNOj  +  HjO  =  CgHi^NO  +  CgHjoOs 

Atropine.  Tropine.     Tropic  aoid. 

Some  years  later,  Ladenburg  effected  a  partial  synthesis  of  the 
alkaloid  by  heating  tropine  tropate,  OgHi^NO.  CqHiqOs,  with  dilute 
hydrochloric  acid  on  the  water-bath.  A  molecule  of  water  is  re- 
moved and  atropine  regenerated.  The  same  reaction  was  repeated 
with  ofcher  organic  salts  and  a  series  of  compounds  called  irope^ines 
were  prepared,  many  of  them  possessing  a  mydriatic  action.  One  of 
these  compounds,  Tiomairqpinef  the  tropelne  of  mandelic  acid,  has 
been  introduced  into  ophthalmic  practice.  It  acts  as  promptly 
though  not  as  energetically  as  atropine,  but  its  effects  subside  more 
rapidly. 

Tropine.  We  will  consider  first  the  properties  and  structure  of 
the  base,  tropine,  and  then  direct  our  attention  to  those  of  tropic  acid. 
Our  knowledge  is  chiefly  due  to  the  labours  of  Ladenbuig  and 
Herling  and  to  the  later  researches  of  Willstfttter,  and  afford  a 
brilliant  example  of  dose  deduction  and  skilful  experimentation 
extending  over  many  years.  Tropine  is  a  colourless,  crystalline 
and  hygroscopic  substance.  It  is  a  tertiary  base  which  on  distillation 
with  soda-lime  affords  a  variety  of  products,  among  which  methyl- 
amine  has  been  identified.  The  nitrogen  atom  is  therefore  linked  to 
a  methyl  group.  At  the  same  time  a  hydrocarbon,  (ropUidene^  CjHg,  is 
formed*  The  latter  has  likewise  been  obtained  by  the  process  of  '  ex- 
haustive methylation  '•  The  reaction  described  under  piperidine,  by 
which  the  compound  is  broken  up  into  trimethylamine  and  piperylene, 
can  be  applied  with  a  similar  result  to  tropine.  Tropine  methiodide 
when  converted  into  the  methylhydroxide  and  distilled  yields  the 
new  base  a-methyltropine,  CgHj^NO.  By  a  repetition  of  the  process 
the  methylhydroxide  of  this  base  is  obtained,  which  decomposes  on 
distillation  into  trimethylamine,  tropiUdene,  and  water.  The  me- 
chanism of  this  reaction  will  be  referred  to  later  (p.  576). 

C,H„ON(CH8)80H     -     C^Hg  +  V(CR^  +  2H,0 

o-Methyltropine  methyl-  Tropilidene. 

hydroxide. 

A  more  interesting  compound  is  ircpidmef  CgHisN,  which  was 
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obtained  by  Ladenbuig  by  heaiiiig  tropine  with  hydrochloric  acid  d 
180^y  with  dilute  Bulphuric  acid  at  220^,  or  with  potasaiain  hydroxides 
whereby  a  molecule  of  water  is  removed. 

CsHi^NO      -      CgHiaN  +  H,0 

Tropine.  Tropidine. 

It  is  also  formed  by  the  action  of  hydriodic  acid  and  phoBphoms 
at  14(f  .  It  is  an  unsaturated  compound  uniting  with  one  molecok 
of  hydrogen,  the  halides  and  halide  acida  The  aboye  fiicts  point  to 
the  existence  of  a  hydroxifl  group  in  tropine.  That  the  group  is 
present  in  the  form  of  a  secondary  akoko^  is  shown  by  the  oxidatioo 
of  tropine  to  the  ketone  tropinone  CgHisNO.  Beduction  of  troplnom 
does  not,  however,  regenerate  tropine,  but  the  stereoisomer,  %^4ropmtt 
which  is  identical  with  a  product  obtained  from  an  alkaloid  aaaociated 
with  cocaine.  Protracted  oxidation  with  chromic  acid  converts 
tropinone  into  the  dibasic  tropimc  (icid^  CsH,|N(G00H)2,  which  k 
also  obtained  by  the  action  of  permanganate  on  tropidine.  Further- 
more, the  ketone  group  of  tropinone  is  situated  between  two  methylene 
groups ;  for  the  reactions  of  the  complex,  OH, .  CO  •  CHj,  are  charac- 
teristic, and  are  consistent  with  the  behaviour  of  tropinone.*  For 
example,  tropinone  undergoes  condensation  with  two  molecules  of 
bemsaldehyde,  forming  a  dibenzylidene  compound;  with  two  mole* 
cules  of  oxalic  ester  in  presence  of  sodium  ethoxide^  giving  twopinom' 

dioxaUe  ester  : 

CH.CO.COOB 

COOC  H  /I 

C.Hi8NO  +  2|         *   '-CfiHgN/oO  +2C,H,OH 

COOCjH.  \  I 

*   •  CH.CO.COOB 

with  amyl  nitrite  in  presence  of  acetic  and  hydrochloric  add,  yielding 
diisonUrosotropinone.  Finally,  tropinone  combines  with  two  mole- 
cules of  diasobensene. 

The  existence  of  a  pyridine,  or  more  accurately  piperidine^  nudeus 
in  tropine  has  been  demonstrated  by  Ladenburg*  in  various  waya 
He  heated  tropidine  hydrobromide  with  bromine  to  170*180^  and 
obtained  a-meihyl  dibromqpyridinef  and  also  by  using  an  excess  of 
bromine,  Hofinann's  dibromcpyridine.  Further,  he  found  that  tropi- 
dine on  reduction  is  converted  into  hydroirqpidinef  C^Hi^N,  which 
breaks  up  when  heated  in  a  currant  of  hydrogen  chloride  into 
norhydrotropidtne  and  methyl  chloride.  When  distilled  over  zine 
dust,  the  latter  loses  hydrogen  and  yields  a^methyl  pyridine.    Let  os 

1  WillsUtter,  Ber.,  1897,  SO,  2679. 
*  Annalen,  1888,  217, 144. 
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^aow  review  the  evidenoes  of  Btruoture  which  the  above  &cts  aiford. 

rtihe  fonuula  for  tropine,  CgHigNO,  includes  a  tertiary  A'-methyl 
pyridine  nucleus,  CH3NC5,  and  the  group,  GH, .  GH(OH) .  CHg.  With- 
out discussing  the  views  of  Ladenburg  and  Merling,  which  rested  on 
the  incomplete  knowledge  of  earlier  researches,  we  will  pass  at  once 
to  the  consideration  of  Willstfttter^s  formula,  which  is  the  result  not 

'"only  of  a  more  extended  inquiry  into  the  products  of  disintegration 

'of  tropine,  but  of  the  more  convincing  evidence  a£Ebrded  by  its  sub« 
sequent  synthesis :      |  ^  jl 

ix!HjCH.OH 


— i] 


OS2 — CH  ■     UJHL| 


"^2 


(      According  to  this  formula,  tropine  not  only  contains  a  hydroxy- 

I  ^-methylpiperidine^  but  also  a  pyrrolidine  nucleus,  as  well  as  a  carbon 

'  ring  of  seven  atoms*    Have  we  any  evidence  of  the  presence  of  these 

two  nuclei?   It  seems  not  improbable  that  tropinic  acid,  the  product 

of  oxidation  of  tropidine^  is  represented  by  the  formula,  which  is  that 

of  a  pyrrolidine  derivative : 

Cxio — CH— CHo  CHo- 

*  I      I  * 

N.OHjCH       -♦ 


I 


I  I 

N.OH3COOH 
I 
CH.— CH — COOH 


OH,-CH — CH 

Tropidine.  IVopinie  aoid. 

For  by  Hofinann's  method  of  exhaustive  methylation  applied  to  tro> 
pinic  acid,  by  which  nitrogen  icT  removed  as  trimethylamine,  a  diole- 
finic  dibano  add,  CsHg(C00H)2,  results,  which  on  reduction  yields 
normal  pimelic  add,  and  has  undoubtedly  the  following  structure : 

C£u=svS — GSo 
I 
COOH 

6H=:CH— COOH 

The  cydoheptane  ring  is  probably  represented  by  tropilidin^ 

CvHg,  which  is  obtained  by  the  exhaustiTe  methylation  of  tropine 

and  tropidine  (p.  678). 

CH— CH=CH 


CHj 

CH— CH=CH 
TropiUdene. 

The  fact  that  tropilidene  gives  benzaldehyde  on  oxidation,  and 
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fonuB  a  dibromide  which,  when  heated,  deoompoeeB  into  hydnh 
bromic  acid  and  benzyl  bromide,  led  Merling  to  regard  tropilidene  ai 
a  bensene  derivative ;  but  the  oonverBion  of  a  seven-ring  into  a  six- 
ring  complex  is  not  by  any  means  uncommon,  and  may  veiy  wd 
occur  in  the  present  instance* 

The   formation    of   norhydrotropidine   and   its  oonTersion  into 
tt-ethy Ipyridine  is  very  simply  represented  by  means  of  the  following 

formulae: 

HaC— CH— CHj  CHj— C==CH 


n       D 


I       I 

NH    CHj 
HjC— CH— CHj  CH3    CH— CH 

Norhydrotropidine.  o-Ethylpyridine. 

In  this  way  the  various  phases  in  the  resolution  of  the  trt^fKoie 
molecule  have  been  satisfactorily  explained. 

VynthMda  of  Xropine.^  The  starting-point  in  the  synthesis  of 
tropine  is  suberone,  a  cydoheptanone  which  was  originally  obtained 
by  the  distillation  of  the  calcium  salt  of  suberic  acid.  This  is  e<Hi- 
verted  successively  into  the  alcohol  and  into  the  iodideu  By  the 
removal  of  hydrogen  iodide  with  alcoholic  potash  from  the  latter, 
cydoheptene  is  obtained. 

CHj— -OHg— CO  CII2 — CHj — CH 

I  I 

CHj      -♦  CH 

I  I 

CHg — Cxi2 — CH^  CHf — CHj— A-JHj 

Suberone.  Cyoloheptene. 

Another  method  for  obtaining  cydoheptene  is  to  reduce  suberone- 
oxime  to  suberylamine  and  apply  the  method  of  exhaustive  me- 
thylation.  The  introduction  of  a  second  double  linkage  into  the 
nudeus  is  attended  with  greater  difficulty,  and  can  only  be  aooom- 
plished  by  an  indirect  method.  Cydoheptene  dibromide  is  acted 
upon  with  dimethyhimine,  whereby  an  unsaturated  base^  AMi- 
methylamine  cydoheptene,  is  produced. 
CH,--CELj— CHBr 

CHBr  +  2NH(CH8)j 

CH2— CH[2'"~CH2 

CHj-CH,— CH .  NCCHj), .  HBr 

CH  +in3((m^.BBt 

I 
CHj— CHj — CH 

1  WillsUtter,  Annakn,  1901,  817,  dOi. 
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The  latter  is  converted  into  the  quaternary  ammonium  iodide  and 
liydroxide,  and  then  distilled,  when  it  breaks  up  into  trimethylamine, 
cycloheptadienOy  and  water. 

CHj— CHj— CH .  N(CH3)30H       CHa— CH=CH 

CH  -  CH  +  N(CH3)3  +  H20 

II  II 

CH2— CHj— CH  CHj— CHj— CH 

Cyoloheptadiene  contains  a  conjugated  system  of  double  bonds 
(p.  462),  and  with  one  molecule  of  bromine  forms  a  dibromide,  from 
T^hich  cycloheptatriene  can  be  obtained  in  two  ways. 

CH,— CHBr-CH 

II 
CH 

I 
CH2— CHj CHBr 

Dimethylamine  combines  to  form  a  di-add  base  which,  by  ex* 
haustiye  methylation,  gives  cycloheptatriene  as  follows : 

N(CH3)80H 
CHj— CH— CH,  CH,=CH— CH 


II 
CH 

I 


CH  +  2N(CH3)3  +  2HaO 


CH,— CH,— CH .  N(CH3)30H     CH,— CH=CH 

Or  hydrogen  bromide  may  be  directly  eliminated  by  boiling  with 
quinoline. 

CH,— CHBr— CH  CH=CH— CH 


II 
CH 

I 


II 
CH 

I 


CH,— CH, — CHBr  CH,— CH=:CH 

The  cycloheptatriene  obtained  in  this  way  is  identical  in  every 
respect  with  Ladenburg's  tropiUdene  (p.  578). 

The  next  step  in  the  83mthesis  consists  in  the  conversion  of 
tropilidene  into  tropidine.  Cycloheptatriene  forms  a  monohydro- 
bromide  with  hydrogen  bromide  in  the  cold,  and  the  hydrobromide 
reacts  with  dimethylamine,  giving  a  product  which  is  identical  with 
a-methyltropidine,  obtained  by  distilling  tropidine  methyl  ammonium 
hydroxide.  This  is  converted  into  A^-dimethylaminocydoheptene 
on  reduction* 

pp 
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N(CH3), 

I 
CH,— CH— CH 


'a 


n 


N(CH,)a 
Gxi2 — CH — CHj 

I 


I 

CHj— CH=CH 
a-Methyltropidine. 


CH  +  H,     - 


CHs 

I 
CHj— CH=CH 

A^-Dimethybuninoeydoheptene. 


A^-Dimethylaminocyclolieptene  unites  with  a  molecule  of  btomioe 
in  the  cold,  which,  on  warming,  rapidly  isomerises  to  btomotropane- 
methylammonium  bromide.^ 


N(CH3)s 

I 


CH,— CH- 


'a 


— CHj 
I 
CHa 

CH»— CHBr— CHBr 


CIi^ — CH' 

I 


CH, 


BrN(CHj),CHa 
CH,— CH CHBr 


Potassium  hydroxide  readily  removes  hydrobromic  acid  from  &e 
latter  and  converts  it  into  tropidine  methylammonium  bromide. 
From  the  corresponding  chloride,  methyl  chloride  may  be  mnoved 
and  tropidine  itself  obtained  by  distillation. 


CH,— CH CH 

I  I 

ClNCCHs),  CH 

I  « 

CH,— CH CH 

Tropidine  methyl  chloride. 


CH,— CH- 


'2 


I 


•CH 

I 


N(CH3)  CH 

I  I 

CH,— CH CH 

Tropidine. 


Cycloheptatiiene  can  be  converted  into  tropidine  in  a  diflTeraat 
way.  Starting  firom  a<methyltropidine  described  above,  the  additive 
compound  with  hydrogen  chloride  is  treated  with  sodium  bieatlionate 
solution  and  the  chlorine  exchanged  for  hydroxyl. 


N(CH,), 

CH,— OH— CH 

II 
CH 

I 
OH2 — CH^CH 


NCCHj)^ 


2 


CH,— CH— CH, 

CHa 
CH,— CH=CH 


N(CH,), 
CHj — CH — CELm 

I 


CH« — CH^CH 


CH.OH 

I 


The  product  is  combined  with  bromine,  and  when  separated  from 
its  salt  isomerises  to  bromotropine  methyl  bromide. 


>  Tn^lHine  Is  the  name  given  to  the  simple  satorated  bi-cylie  complex. 
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N(CH,), 

I 


2 


CH,— CH 


— CHj 

CH.OH 

I 
CHa— CHBr— CHBr 


CH, 


-CH 

I 


CH 

I 


2 


Br.N(CH3),CH.0H 
CHj — CH CHBr 


By  the  action  of  zinc  dust  and  strong  hydriodic  acid  solution  both 
bromine  and  hydroxyl  are  eliminated  from  the  cydoheptane  ring  and 
tropidine  methyl  iodide  is  formed, 

CHj— CH- 


I 


•CH 

II 


CHa — CH      CH 

I  II 

NCH3  CH 

~  — CH, 


IN(CH3)2    CH      -* 

CM2 — CH GM2  GII2 vxj. V/-I^A2 

:from  which  tropidine  is  generated  by  distillation  under  diminished 
pressure. 

The  conversion  of  tropidine  into  ^-tropine  was  effected  by 
Willstfttter^  in  the  following  way:  Tropidine  was  combined  with 
liydrogen  bromide  and  heated  with  sulphuric  acid  in  a  closed 
:tube  to  20(f. 


CSn — CH — CH2 

I        I 

NCHj  CHBr 


CHq — CH CHa 

I      I 

NCH.  CH.OH 

I  I 

CH2 — CH      CH2 

^Tropine. 


CH2 — CH CH2 

Bromotropane. 

The  conversion  of  ^-tropine  into  its  stereoisomer  tropins  was 

4iccomplished  by  oxidising  ^-tropins  to  tropinone  and  reducing  the 

ketone  with  zinc  dust  and  hydriodic  add.    Ladenburg*  has  also 

transformed  tropidine  into  tropine  directly  by  the  action  of  hydrogen 

bromide. 

Stmoture  aad  Synthesis  of  Tropic  iLcid.  It  has  already  been 
stated  that  tropic  acid  is  formed  with  tropine  when  atropine  is 
hydrolysed.  Kraut  found  that  it  gave  benzoic  acid  on  oxidation, 
.and  when  fused  with  potassium  hydroxide  breaks  up  into  phenyl- 
acetic  and  formic  acids.  When  treated  with  phosphorus  pentachloride, 
tropic  acid  exchanges  two  hydroxyl  groups  for  chlorine, 

C9H10O3  +  2Pa5  -  C9H8OCI2  +  2POCI3  +  2HC1 

and  when  heated  to  160^  it  loses  a  molecule  of  water  and  forms  the 
Jactone  tropidef  CoHgOj,  which  is  converted  into  the  isomeric  atrqpic 

^  Ber.,  1900,  38,  1170. 

'  Ber.j  1S90,  28,  1780,  2225;  1902,  86,  1159,  2295. 

P  p2 
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acid  on  boiling  with  baryta  water.  That  atropic  acid  is  a  benzene 
derivatiye  with  one  aide-chain  follows  from  the  fact  that  it  yiekk 
benzoic  acid  on  oxidation.  Moreoyer,  it  is  unsaturated,  forming 
additive  compounds  with  one  molecule  of  hydrogen  bromide  or 
bromine.  It  is  therefore  closely  related  to  cinnamic  aoid,  with 
which  it  is  in  fact  isomeric,  and  is  probably  represented  by  tbt 
formula, 

XIOOH 

This  structure  has  been  confirmed  by  its  synthesis  by  Ladenborg 
and  Bagheimer^  in  1880. 

Acetophenone  is  oonyerted  into  the  dichloride  by  the  action  of 
phosphorus  pentachloride.  When  the  dichloride  is  treated  with  an 
alcoholic  solution  of  potassium  cyanide,  a  double  reaction  occurs,  one 
chlorine  atom  being  replaced  by  cyanogen  and  the  other  by  the 
ethoxyl  group. 

CcHs .  CCI2  .CH3  +  KCN  +  C2H3OH  =  CeHifl&J^3  +  KCI  +  HCl 

The  product  being  a  cyanide  can  be  hydrolysed,  and  the  resulting 
ethyl  a-pheuyllactic  acid,  when  heated  with  strong  hydrochloric 
acid,  loses  a  molecule  of  alcohol  and  yields  atropic  acid. 

CgH;;  .  C^OCgHg  =        ^6^6  •  ^^  ■**  C2H5OH 

\C00H  ^COOH 

Atropic  acid  is  clearly  the  anhydride  of  tropic  acid.  By  the 
addition  of  the  elements  of  water  the  hydroxy^  may  attach  itself  to 
the  end  or  middle  carbon  atom  of  the  side-chain.  Two  isomers 
must  therefore  exist  of  the  following  formulae : 


/CH3  .CHoOH 


C,H, .  C(OH)<  C,H, .  CH< 

X)OOH  \C00H 

An  acid  having  the  first  of  these  formulae  has  long  been  known 
under  the  name  of  atrolacHnic  acid.  It  was  obtained  originally  by 
Fittig  and  Wurster  by  heating  with  sodium  carbonate  the  hydrogen 
bromide  additive  compound  of  atropic  acid.  Later  it  was  synthesiflBd 
and  its  structure  ascertained  by  Spiegel '  by  the  simple  process  ci^ 
hydrolysing  the  cyanhydrin  of  acetophenone. 


*  Ber.f  1880, 13,  878,  20il. 

*  Ber.,  1881, 14,  1858. 
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5eH5.CO.CH3  -^   C6H5.C:^H     -^     CcHs.C^OH 

\CN  \COOH 


Consequenily  the  second  of  the  two  formulae  must  be  that  of 
tropic  acid.  This  Tiew  has  been  fully  confirmed  by  its  synthesis 
from  atropic  acid. 

Atropic  acid  unites  with  hypochlorous  acid,  and  the  additive 
compound  on  reduction  forms  tropic  acid. 

<H2  /CH2OH  /CH2OH 

->  CeH^ .  CC1<  -*.  CcH, .  CH< 

OOH  \3OOH  \C00H 

According  to  this  formula,  tropic  acid  contains  an  asymmetric 
carbon,  and  it  has  been  resolved  into  its  two  enantiomorphs  by 
crystallizing  the  quinine  salt. 

Straoturtt  of  Atropine.  The  &ct  that  the  hydrolysis  of  atropine 
produces  tropins  which  possesses  alcoholic  functions  and  an  acid, 
tropic  acid,  shows  that  the  alkaloid  itself  must  be  an  ester.  This 
structure  finds  expression  in  the  following  formula : 

CHo — CH      CH  CaHk 

I  I  I 

NCHo  CH.O.GO.CH 

II  I 

CHa— CH — CH2  CH2OH 

Atropine. 

Kyoscyaminey  according  to  the  researches  of  Gadamer,^  is  the 
ester  of  tropine  and  ^tropic  acid;  Hesse  and  Ladenburg  have 
shown  that  atrqpamine  is  the  tropelCne  of  atropic  acid,  which  undergoes 
isomerisation  into  hdladonine  on  heating,  whilst,  according  to  Lieber- 
mann,  the  coca  alkaloid,  irqpacoca'ine^  (see  below),  is  the  benzoic  ester 
of  i/r-tropine.  All  these  substances  must  now  be  included  in  the  list 
of  synthetic  products. 

Cocaine.  The  leaves  of  eryihroocyUm  coca  contain  a  series  of  alka- 
loids, among  which  hcocalnCf  d-cocalnCj  trcpa^ocal/ne^  cinnamyl'Coca'inef 
truxiUine  and  hygrine  have  been  identified  as  distinct  constituents. 
^Cocaine,  the  most  abundant  and  physiologically  the  most  valuable 
constituent  (it  acts  as  a  local  anaesthetic),  was  isolated  by  Niemann 
as  far  back  as  1860,  and  its  formula,  C17H21NO4,  was  ascertained  by 
Lossen.    In  recent  years  the  study  of  the  alkaloid  has  been  pursued 


1  ArcK  d.  Pkartn.y  1902,  288,  294. 
'  LieberiiiaiiD,  Ber.,  1891,  24,  2836. 
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with  remarkable  success  by  Einhom,  liebermann,  and  Willstftttec 
Its  close  relationship  to  atropine  has  been  demonstrated  in  Taiiooi 
ways,  and  its  structure  has  been  finally  established  by  its  syntheix 
preparation. 

{-Cocaine,  like  atropine,  is  a  crystalline,  tertiary  base,  and  also,  lik» 
atropine,  it  is  an  ester  which,  on  hydrolysis  with  mineral  acids  er 
bar3rta,  breaks  up  into  a  new  tertiary  base,  ^ecpontne,  benzoic  acid 
and  methyl  alcohol,  according  to  the  equation : 

CitHjiNO^  +  2H2O  «  CoHigNOa  +  C^E^ .  COOH  +  CH3 .  OH 

Cocaine.  Ecgonine. 

By  a  reversal  of  the  process,  {-cocaine  has  been  reconstructed  from 
Z-ecgonine.^  The  structure  of  cocaine,  therefore,  depends  upon  that 
of  ecgonine.  The  various  cocaines,  natural  and  artificial,  are  esters 
of  ecgonine  with  different  acids.  In  cinnamyl  cocaine,  ecgonine  is 
combined  with  dnnamic  acid,  in  truzilline  with  tnmllic  acid,  and 
so  forth. 

Einhom'  has  shown  that  ecgonine,  like  tropine,  loses  water  with 
dehydrating  agents  such  as  hydrochloric  and  sulphuric  acid,  and  the 
anhydro-ecgonine^  C9H23NO2,  so  formed,  when  heated  to  280°  wiUi 
hydrochloric  acid,  is  converted  into  tropidine. 

C^HigNOj      -      CsHjsN  +  CO, 

Anhydro-ecgonine.         Tropidine. 

This  fact  contains  the  key  to  the  problem.  Anhydro-ecgonine  is 
obviously  tropidine  carboxylic  add,  whilst  ecgonine  itself  is  in  all 
probability  tropine  carboxylic  acid.  The  positions  of  the  hydroxyl 
and  carboxyl  groups  have  stUl  to  be  ascertained.  Anhydro-ecgonine 
was  reduced  by  Willstatter  to  the  dihydro  derivative  or  l^fdroee- 
gonidine,  and  the  carboxyl  was  then  replaced  by  the  amino  group, 
either  by  Hofmann's  method  through  the  amide  or  by  that  of 
Curtius  by  way  of  the  hydrazide,  azide  and  urethane.^ 

CHjj— CH — CH .  NHo 

II 
NCH3  CH2 

Clx2 — CH CH3 

Isoiropylamine. 

The  product  was  distinct  from  either  of  the  geometrical  isomerie 
tropylamines  obtained  from  tropine  and  ^-tropine,  and  was  termed 

'  Merck,  Ber.,  1885, 18,  2952 ;  Lie>)ermann,  Ber.,  1888,  ai,  8196 :  1894,  87, 2051. 
'  Ber.,  1889,  22,  899 ;  1890,  28,  1888. 
*  Ber.,  1896,  29,  782. 
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isotwpylamine*  It  follows,  therefore,  that  the  carbozyl  group  does 
not  occupy  the  position  of  the  hydroxyl  in  tropine.  Furthermore, 
the  hydroxyl  group  in  ecgonine  is  not  attached  to  the  same  carbon 
atom  as  the  carboxyl,  for  tropinone  cyanhydrin  gives  on  hydrolysis 
a  compound  similar  to,  but  distinct  from,  ecgonine,  which  is  there- 
fore named  a-ecgonine,  giving  an  a-methyl  benzoyl  ester  known  as 
a-cocalne. 

Clio — CS CHo 

I      I 

NCHs  qom.cooH 

I        I 

Cxl2 — CH— CH2 
a-Eogonine. 

This  is  also  confirmed  by  the  fact  that  ecgonine  on  oxidation  with 
chromic  acid  gives  a  ketonic  acid,  which  could  only  occur  if  the 
carboxyl  and  hydroxyl  were  attached  to  different  carbon  atoms.  But 
there  still  remains  a  choice  between  the  fi-  and  y-positions  for  the 
hydroxyl  group.  There  are  several  facts  which  &vour  the  )9-position, 
and  these  are  furnished  by  the  products  of  oxidation.  Ecgonine,  by 
careful  oxidation  with  chromic  acid,  loses  carbon  dioxide  and  is  con- 
verted into  tropinone.  More  energetic  oxidation  produces  tropinic 
acid  (p.  576)  and  ecgoninic  acid.  The  tropinic  acid  only  differs  from 
the  acid  from  tropine  by  being  optically  active  (dextrogyrate),  whilst 
the  structure  of  ecgoninic  acid  is  known  from  its  synthesis  by 
Willstatter  and  Hollander.' 

CH2— CH — CHa  CHj— CH — COOH 


NCH3  CO 

I  I 


I 
NCH3  COOH 

I  I 


CHa-CH — CHji  CHa— CH CH^ 

Tropinone.  Tropinic  aeicL 

CHo— CO 

I 
NCH3  COOH 

I  I 

CHa— CH CH4 

Eogoninio  aeid. 

It  is  clear  that  the  hydroxyl  stands  in  the  )3-po8ition  to  the 
carboxyl  group ;  but  if  any  further  doubt  existed  on  the  subject, 
it  has  been  set  at  rest  by  the  synthesis  of  r-cocalne  from  tropinone^ 
by  Willst&tter  •. 

^  Annalen,  1908,  826,  79. 

3  Ber.,  1900,  88,  411 ;  ^nnolm,  1908,  826,  42. 
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Before  referring  to  the  synthesis,  it  may  be  of  interest  to  point  oat 
that  just  as  tropine  furnishes  a  cydoheptane  ring  in  the  fmcwa  of 
tropiUdene  (p.  578),  so  ecgonidine  or,  more  strictly,  hydroe^^^onidine 
may  be  resolved  into  a  cydoheptadiene  carboxylic  acid  by  exhauaizve 
methylation  and  ultimately  into  suberone.  The  ethyl  ester  of 
hydroecgonidine  is  first  converted  into  the  nitrogen  free  acid,  cydo- 
heptadiene carboxylic  ester. 

I  >CH .  COOH 

CH,— CH==CH/ 

The  latter  is  reduced  to  the  saturated  cydoheptane  carboxylic  acid. 
Bromine  is  then  introduced  in  the  a-position  and  replaced  by  hydroxyL 
The  hydroxy*acid,  when  submitted  to  oxidation  with  lead  peroxide, 
yields  suberone. 

CHo— CHo — Cligv  Gllj — CSji — UUjpi. 

I  >CH(OH).COOH    -►     I  >00 

CH,— CHj— CH/  CHg— CHj— CH,/ 

a-Hydrozy-auberane  carboxylic  acid.  Saberone. 

■yntliMis  of  gOooiaa.  Tropinone  sodium,  when  suspended  in 
ether  and  treated  with  carbon  dioxide,  forms  sodium  troinnaiie- 
carboxylate,  and  the  latter,  on  reduction  with  sodium  amalgam  in 
faintly  acid  solution,  is  conyerted  into  r^cgonine  and  a  second 
isomer. 

CH,— CH — CHNa  CH,— CH — CH .  OOONa 


I  I 

NCHj  CO 

I  I 


I  I 

NCH,  CO 

I  I 


CHj— CH^^^CJHj  CHj — CH*"^^Hf 

Tropinone  •odium.  Sodinm  tropinone  earbosylat.. 

CH,— CH — CH .  COONa 
I  I 

NCH,  CH .  OH 

I  I 

r-Epgonine. 

The  r-ecgonine  differs  in  optical  properties  from  the  ecgonine  of 
the  vegetable  alkaloid ;  for  naturally  it  is  inactive,  and,  as  it  contains 
four  asymmetric  carbon  atoms,  may  represent  several  pairs  of  enantio- 
morphs.  Apart  from  this,  it  closdy  resembles  Z-ecgonine,  and,  like 
it^  may  be  converted  into  the  methyl  benzoyl  ester  or  r-cocame. 
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CH,— CH  — CO .  OCH, 

I  I 

NCH3  CH .  OCOCcHs 

I  I 

r-CoeaXne. 

The  second  isomeric  ecgonine  which  forms  the  'greater  portion  of 
the  reduction  product  is  probably  a  atropine  0-carboxylic  acid ;  for 
it  contains  no  hydrozyl  group  and  resists  the  ordinary  process  of 
methylation.^ 

Suphthalmine  and  Bucaine.  A  very  interesting  development 
in  synthetic  chemistry  has  arisen  out  of  the  knowledge  of  the 
structure  of  atropine  and  cocaine.  The  di-  and  tri-acetonamines  are 
compounds  which  are  obtained  by  the  action  of  ammonia  on  acetone, 
and  are  represented  by  the  following  formulae : 

(CH3)2C"~~^Bl2  •  CO  •  CH3  (01x3)20 — CH2 

I  I     I 

NHo  NH  CO 

I     I 

(CH3)jC — CHj 
IMaeetonMnine.  TriMetonamine. 

Diaoetonamine  may  be  converted  into  triacetonamine  by  heating 
it  with  acetone.  Aldehydes  unite  in  a  aimilar  fashion,  aoetaldehyde 
f onning  vinyldiacetonamine. 

(0113)20— ■"-^H2  (0113)20—^0112 

NHj  CO   +  CHO .  CHj  -  NH   CO  +  H-0 

I  I         I 

CHj  CHjCH-^CHj 

DiMetonamine.  Vinyldiaoetoiuunine. 

The  ring  complexes  fonned  in  this  way  have  a  similar  structure 
to  tropinone. 

CH,— CH CH-  (CHo)jC CH, 

II  II 

NCH3    CO  NH    CO 

II  11 

01x2 — 0x1  O1I2  (0113)20  OII2 

Tropinone.  Triacetonamine. 

This  similarity  is  not  limited  to  structure,  for  Harries'  has  shown 
that  the  triacetonamines  undergo  reduction  and  form  what  are  known 

>  WillsUtter  and  Bode,  Annalen,  1908,  896,  45. 

*  Annalen,  1897,  296,  828 ;  V.  Coblentz,  /.  Soc.  Chem.  Ind.,  1898,  725 ;  1904,  98. 
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as  triacetonaikamines  corresponding  in  structure  to  tropine,  and  whicL 
like  tropine,  form  tropelnes  with  acids.  Thus  the  phenylglycolTl 
ester  of  ^-methyl  vinyldiacetonalkamine  is  used  as  a  substitute  fiff 
atropine  under  the  name  of  eupMkalmme,  and  has  a  strong  myd- 
riatic action.  Similarly,  Merling  has  combined  the  triaoeionamiiMS 
with  hydrogen  C3atnide,  and  by  hydrolysing  the  product  obtained 
hydroxy-acids  constituted  Uke  ecgonine.  These  substanoeSi  whea 
converted  into  the  benzoyl  methyl  esters,  produce  local  anaesthes^ 
like  cocaine,  and  are  known  as  euccanes,  A  variety  of  these  products 
has  been  prepared. 

(CH3)2C GHg 

NCH3    c<  •   * 

I       ^     |\C0.0CH3 

(0113)20 OH2 

Eucaine  A. 

Eucalne  A  is  derived  from  triacetonamine,  eucaine  B  is  the 
benzoyl  ester  of  vinyldiacetonalkamine. 

THE  ISOQUINOLINE  ALKALOIDS 

The  alkaloids  of  this  group  comprise  the  three  opium  alkaloids,^ 
papaverinej  narcotine^  narce^ne,  and  the  two  alkaloids,  hydrastine  and 
herberine,  which  occur  in  the  roots  of  golden  seal  {hydrastis  cana- 
densis). Berberine,  it  should  be  added,  is  one  of  the  few  alkaloids 
which  is  distributed  among  many  different  orders  of  plants,  such  as 
the  common  barberry  {befteris  vulgaris),  from  which  it  leoeires  its 
name. 

PapaTerine.  The  alkaloid  was  discovered  in  1848  by  Merck  in 
commercial  narcotine,  from  which  it  was  separated  by  crystallizing 
the  hydrochloride,  the  former  being  less  soluble.  Merck  gave  it  the 
formula  O20H21NO4,  which  other  observers  have  since  confirmed. 

^  The  following  table,  which  is  taken  ftom  Piotet*8  traatiae  on  the  FegeteUi 
AVcaloidSf  gives  some  idea  of  the  complez  nature  of  opium.  The  list  does  not 
exhaust  the  number  of  constituents,  which  embraces  more  than  twenty  diffisraot 
indiridnaUi,  nor  does  it  include  the  various  other  ingredients  of  the  dried  sap  of 
the  poppy  such  as  fats,  resins,  gums,  sugar,  and  protein  matter. 


Per  cent. 

Percent. 

Morphine 

9.0 

lAudanine 

001 

Narcotine 

6.0 

Lanthopine 

aooe 

Papaverine 

0.8 

Protopine 

0.006 

ThebaXne 

0.4 

Codamine 

0.002 

Codeine 

08 

Iritopine 
Laudanosine 

aoois 

Narcelne 

0.2 

0.0008 

Oryptopine 

0.08 

Meconine 

0.8 

Pseudomorphine    0-02  Meconic  acid    4*0 

lAotio  acid    1.2 


PAPAVEEINE 


587 


rrhe  conBtitution  of  papayerine  has  been  studied  and  completely 
elucidated  by  G.  Ooldschmiedt  ^  in  a  series  of  brilliant  researches 
^v^hich  appeared  in  the  Monaisheft  during  the  years  1883  to  1888. 
From  the  results  of  his  investigations,  of  which  a  short  abstract  is 
I2:iven  below,  he  assigned  the  following  formula  to  the  alkaloid : 


CH, 


0^^^^/N 


CH30l^^N 


I 


IJOCH3 
OCH3 

Papayerine. 

Papaverine  is  a  tertiary  base  and  optically  inactive.  It  forms  no 
acetyl  derivative,  and  therefore  contains  no  hydroxyl  groups.  With 
concentrated  hydriodic  acid  four  molecules  of  methyl  iodide  are 
eliminated,  smd  pc^veroUne,  CieHijNO^,  is  produced. 

On  oxidation  with  permanganate  under  varying  conditions 
a  variety  of  products  are  formed,  among  which  may  be  mentioned 
papaveraldine,  CS0H19NO5,  papaveric  acid,  Ci^HisNO^,  and  simpler 
compounds  derived  from  these  by  further  oxidation,  namely  di- 
methylprotocatechuic  acid,  metahemipinic  acid,  dimethoxy- 
isoquinoline  carboxylic  acid,  a-carbocinchomeronic  acid,  &c.  On 
fusion  with  alkali,  papaveraldine  is  decomposed  into  dimethoocy^so- 
quinoline  and  dimethylprotocatechuic  acid  : 


CH 


8 


o/V\ 


r^ocH, 


Dimethozy-ifloquindliiie. 


Hooa   J0CH3 

Dimothylprotooatechuio  acid. 


whibt  papaverine  on  fusion  with  potash  yields  dimethylhomocatechol 
and  basic  substances. 

These  reactions  furnish  the  key  to  the  structure  of  the  alkaloid. 
By  combining  the  formula  of  dimethoxy-isoquinoline  with  that  of 
dimethylhomocatechol,  the  formula  of  papaverine  is  obtained,  plus 
two  atoms  of  hydrogen. 


^  See  Tarious  papers  in  Monatsh,,  4,  6,  7,  8,  e,  10, 18, 17. 
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C11H11NO2  +  C0Hi2Oa     =     C2oH2tN04  +  BE^ 
Dimethozy-         Dimethyl-  Papayerine. 

itoquinoline.     homocatechol. 

Goldschmiedt  at  first  regarded  the  iBoquinoline  compound  as 
a  derivatiye  of  quinollne  until  he  discovered  his  error  in  attemptiiii 
to  ascertain  the  positions  of  the  two  methoxyl  groups  in  dimethoxT- 
isoquinoline  by  the  oxidation  of  the  additive  compound  with  benzyl- 
chloride.  Instead  of  the  expected  derivative  of  anthranilic  add,  he 
obtained  an  imide  of  dimethoxy-phthalic  acid  (metahemipinic  juadji 


/\/\ 


should  give 


N 

/\ 
C7H7  CI 

<)uinoline  deriratiTe. 


COOH 

N 


CtHt 

Anthranilic  acid  derivative. 


Isoquinoline  derivative. 


should  give 


Phthalimide 


^N.CjHt 


He  confirmed  this  result  by  oxidising  dimethoxy-iaoquinoline.  If 
the  latter  is  a  quinoline  derivative  it  should  yield  quinolinie  acid ;  i( 
on  the  other  hand,  it  is  an  isoquinoline  compound  it  ahotdd  fonn 
cinchomeronic  acid.  It  was  the  second  reaction  which  occurrod,  the 
compound  breaking  up  in  two  directions  and  forming  hemipinic  and 
cinchomeronic  acid. 

y\/\ 


N 


/\ 


(CH30), 


COOH 


HOOC/^ 


\y 


COOH 


H 


ood    J 


N 


Cinehomeronie  aeid. 


Hemipinic  acid. 

The  hemipinic  acid  formed  in  this  way  is  so  similar  to  one  obtained 
by  Wohler  by  the  oxidation  of  narcotine  that  their  identity  \n»  at 
first  assumed ;  but  closer  examination  revealed  a  slight  dififerenoe  in 
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X>ix>pertie8.  Both  hemipinic  acids  readily  form  anhydrides,  and  there- 
fore contain  the  carboxyl  groups  in  the  ortho  position.  Ordinary 
li.eniipinic  acid,  which  has  been  the  object  of  a  careful  study  by 
Wegscheider,  has  the  formula, 

CH3O 

CHsO/NcOOH 

sJcOOH 

Hemipinic  aoid. 

Since  the  hemipinic  acid,  which  Goldschmiedt  calls  metahemipinie 
acid,  gives  protocatechuic  acid  on  fusion  with  caustic  potash,  the 
only  possible  structure  is : 

Cmo/^COOH 


CH 


3^ 


JOOH 


Metahemipinie  acid. 

To  construct  a  satisfactory  formula  for  the  alkaloid,  it  is  necessaiy 
to  explain  the  character  of  papaverine  and  the  properties  of  its 
numerous  decomposition  products. 

Among  the  simpler  products  of  oxidation  we  have  still  to  account 
for  dimethoxy-isoquinoline  carboxylic  acid  and  a-cinchomeronic  acid. 
These  are  clearly  related,  since  they  both  are  derived  from  an  isoquino- 
line  complex.  As  the  formula  for  a-carbocinohomeronic  acid  i& 
known,  that  of  dimethoxy-isoquinoline  carboxylic  acid  follows ; 


o/V\ 


N 

!00H 
Dimethoxy-isoquinoline  carboxylic  aoid. 

I 

for  this  is  the  only  position  which  can  be  assigned  to  the  carboxyl 
group  consistent  with  the  existence  of  an  isoquinoline  group,  the 
formation  of  metahemipinie  acid,  and  the  formula  of  carbocin* 
chomeronic  acid. 

The  formula  for  papaverine,  already  referred  to,  supplies  all  the- 
necessary  demands  on  the  part  of  the  compounds  derived  from  it. 
Papaveroline,  which  is  produced  by  eliminating  the  methoxyl  groups, 
will  have  the  formula  L  Papaveraldine,  the  first  product  of  oxida- 
tion, forms  a  hydrazone,  and  exhibits  the  general  behaviour  of  a  ketone,, 
and  consequently  has  formula  II. 
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(y^V\ 


o/V\ 


H 


CHaCeH3(OH)2  CO .  CeH3(OCH3), 

I  U 

Papaveroline,  Papaveraldine, 

Papaveric  acid  is  a  ketonic  dibasic  acid,  which,  on  fusion  witk 
caustic  potash,  forms  protocatechuic  acid,  and  theiefore  has  the 
formula : 

HOOC/^ 

HOOcl     .N 

I 
CO  •  09x13(00^3)2 

Papaverio  aeicL 

The  work  of  Groldschmiedt  on  papaverine  has  prepared  the  wmy  for 
the  investigation  of  the  other  isoquinoline  alkaloids  which  have  been 
attacked  by  similar  methods  and  with  equally  successful  results. 

Vareotine  was  isolated  from  opium  in  1817  by  Bobiqaet.  The 
quantity,  which  varies  considerably  (0-75-9  per  cent),  may  be  extracted 
by  simply  shaking  with  ether.  The  molecular  formula  assigned  bj 
Matthiessen  and  Foster  is  O^H^'SO^*  It  is  a  tertiary  base  and  contains 
no  hydrozyl  group,  as  it  reacts  neither  with  acetyl  chloride  nor  acetic 
anhydride.  It  contains  three  methoxyl  radicals  which  may  be  sqo- 
cessively  removed.  As  caustic  potash  decomposes  narcotine  at  22(f , 
liberating  methylamine,  dimethylamine,  and  trimethylamine,  it  may 
be  assumed  that  the  nitrogen  in  the  compound  is  methylated.  Nar- 
cotine undergoes  simple  decomposition  in  three  directions.  It  is 
hydrolysed  by  water  at  14(y,  dilute  sulphuric,  or  baryta,  and  yidds 
opianic  acid  and  hydrocotamine. 

CjjHajNO^  +  H,0   -   CioHioOg  +  CijHijNO, 

Opianic  aeid.    Hydroooiamine. 

Reducing  agents  like  zinc  and  hydrochloric  acid  break  it  up  into 
meconine  and  hydrocotamine, 


C22H33NO7 


+  2H     -     C10H10O4  +  Ci^ijNOj 


Meoonine.       Hydroooiamine. 

whilst  oxidising  agents  affect  the  basic  part  of  the  molecule  and 
produce  opianic  acid  and  cotarnine. 
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CagHjaNOi  +  O  +  HjO  =  CioHioOj  +  CijHjjNO^ 

Opianic  acid.     Ootamine. 

We  will  begin  by  studying  the  basic  constituent  of  the  molecule. 

Stmoture  of  Eydrocotamine  and  Cotamine.  Gotamine  was 
first  obtained  by  Wohler  in  1844  by  oxidising  narcotine  with  man- 
ganese dioxide  and  sulphuric  acid,  and  he  gave  it  the  formula 

vrhich  Matthiessen  and  Foster  afterwards  replaced  by 

CiaHiaNOj  +  H^O. 

Roser  has  since  shown  that  the  salts  of  cotamine  contain  the  basic 
group,  OigHigNOg,  united  with  the  acid,  and  that  the  molecule  of 
'water  is  constitutional.  Cotamine  is  a  secondary  base,  and  forms 
an  oxime  with  hydroxylamine  hydrochloride.  When  reduced  with 
zinc  and  hydrochloric  acid  it  is  converted  into  hydrocotamine. 

One  of  the  most  interesting  derivatives  of  cotamine  is  apqphyUenic 
CLCidj  which  is  obtained  by  oxidation,  and  was  so  called  by  Wohler 
from  the  resemblance  of  the  crystals  to  the  mineral  apophyUite.  It 
is  a  monobasic  acid  of  the  formula  C8H7NO4  +  HgO.  According  to 
Vongerichten,  when  heated  with  hydrochloric  acid  to  250°,  it  loses 
methyl  chloride  and  forms  cinchomeronic  acid. 

CgH^NO^  +   HCl     =     C7H5NO4   +   CH3CI 
Apophyllenio  acid.  Cinchomeronic  acid. 

Roeer  accomplished  the  reverse  synthetic  process  by  boiling  cin- 
chomeronic acid  with  methyl  iodide,  from  which  he  concluded  that 
apophyllenio  acid  is  the  methylbetaYne  of  cinchomeronic  acid,  leaving 
undecided  which  of  the  two  carboxyls  takes  part  in  the  anhydride 
formation. 

(COOHAHg.NCHa 

CO- 


'  i> 


Apophyllenic  acid. 

The  explanation  of  the  stracture  of  cotamine  is  mainly  due  to  the 
researches  of  Boser«*  By  exhaustive  methylation,  a  methyl  iodide 
of  methylcotamine  is  obtained,  indicating  thereby  the  secondary 
nature  of  the  base.  The  hydroxide  breaks  up  on  distillation,  yielding 
up  its  nitrogen  as  trimethylamine  and  forming  cotamone,  a  nitrogen- 
free  compound  with  aldehyde  properties. 

CiiHu04N(CH3)8l  +  NaOH  «  C„Hio04  +  N(CH3)3  +  NaI  +  H20 

Cotarnone. 
^  AnnaUn,  1888,  849,  156 ;  1889,  854,  884. 
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CH,0 


\y 


On  oxidation  with  permangaoate  ootamone  is  convwied  into  the  i 
baaio  eofomtc  acid,  GgH,O^G€)OH)t,  which  Boser,  for  the  rwaaona  giia 
below,  TOgards  as  having  one  of  the  following  altematiTe  formiibi: 

CHj— O  OCH3 

\)/\cOOH  >0/\COOH 

or         CH,< 
COOH  M)lJC00H 

Cotomio  Aoid. 

It  forms  an  anhydride,  loses  one  methyl  group  by  Zeisd's  meUicH, 
and,  on  being  heated  with  hydriodic  acid  and  i^osphonu^  is  oon-vsttad 
into  gallic  acid.  Putting  these  Ciots  together,  the  above  rdatioB- 
ships  will  be  best  interpreted  by  the  following  formulae :  .  1 . 


CH:CHj 
HO 


CH3O. 


/ 


\         /CHj.OH..NHCHj 
CH,/     /         XJHO 


CHjO 

Cotarnone.  Gotarnine. 

Although  ootamine  itself  appears  not  to  poflaeas  a  pyridine  nnelaitt, 
it  is  supposed  that  in  its  salts  ring-formation  occurs^  and  that  ilit 
hydrochloride  of  ootarnine  is  represented  by  a  formula,  which  is  ihd 
of  a  derivative  of  isoquinoline  : 

(CH30)/\^^^Hi 


^^vk/^C 


(CH,,      ^ 

^    CH 

Cotamine  hydroohlorlde. 

According  to  Dobbie,  Lauder,  and  Tinkler,  who  have  studied  the 
absorption  spectrum  of  cotamine,  the  free  base  exhibits  tautomariam 
(p.  202). 

The  parallelism  between  the  behaviour  of  isoquinoline  and  eotv- 
nine  on  oxidation  is  very  clearly  exhibited  by  the  products  <tf  oxida- 
tion, for  whilst  the  former  gives  phthalic  and  cinchomeronie  aeid^ 
the  latter  breaks  up  into  cotamic  and  apophyUenic  adds. 

COOH  HOOO 

(CH30)/Y  ^^^^ 


(CH,0,ki 

COOH 
Ootamio  Mid. 


yNjN(CH,)Cl 

HOOC 
Apopbyllenie  aoid  (hjdioehloiid*}. 


STBUCTUBE  OF  HTDBOCOTABNINE  AND  OOTABNINE  6»3 

H!2^droootanune  is  a  reduction  prodaet  of  ootamine  and  a  tertiary 
aase,  and  theae  fiusta  are  combined  in  the  following  formula : 

CH, 
(CH,0]  ^ 


(CH,0 


2 


JN(CH8)Ha 


Hydroootamine  hydrochloride. 


Opiaaio  AoUL  Opianic  acid  13  a  monobaaio  acid  having  the  pro- 
perties of  an  aldehyde  and  containing  two  methoxyl  groups.  Its 
formula  may  therefore  be  represented  by 

•      CoH,(OCHa)2(CHOXCOOH). 

The  relative  positions  of  these  groups  has  been  ascertained  as 
follows :  on  distillation  with  soda-lime  it  yields  methylyaniUin,  and 
on  oxidation  it  is  converted  into  hemipinic  acid  (p.  589). 

CHO  CHO  COOH 


JOCH, 


OCH 


8 


HethylvaniUin. 


Opianio  aoid. 


Finally,  mecanine  is  the  lactone  of  the  alcohol  produced  by  the 
reduction  of  the  aldehyde  group  in  opianic  acid. 

These  facts  enable  us  to  piece  together  the  various  fragments  so  as 
to  construct  a  probable  formula  for  narcotine,  which  has  been  repre- 
sented as  follows : 

CH, 

(CH,0,    ^ 
(CH3O: 
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Vareauie.  The  relationship  of  narcotine  to  narcelne  lias  beJ 
establiEdied  by  Boser's  synthesis  of  the  latter  from  narcotine.  YHm 
the  methyl  iodide  of  narcotine  is  heated  with  caustic  alkali  it  jM 
narcelne. 

CmHjsNO^  .  CH3I  +   KOH     -     CjaHarNOg  +   KI 

Methlodide  of  narcotine.  Narcelne. 

Its  other  properties  are  in  harmony  with  the  following  atmcianl 
formula: 

CHj 

(CHgO^    ^ 

(CH,0)li      lN(CH3), 

CHj 

CO 

I 

/\C00H 


\JoCR, 


OCH3 

Narcelne. 

We  shall  close  our  account  of  the  isoquinoline  alkaloids  with 
a  short  reference  to  hydrastine  and  berberine. 

Vydnurtina.  The  root  of  the  golden  seal  {Hydrastis  canadensis),  a 
plant  belonging  to  the  Banunculaceae  and  indigenous  to  N.  Amma^ 
contains  about  1*5  per  cent,  of  hydrastine  and  4  per  cent  of  berberina 
Hydrastine  was  first  observed  by  Durand  in  1851,  and  has  since  been 
studied  by  numerous  investigators.  Our  knowledge  of  its  stmctiin 
is  mainly  due  to  the  work  of  E.  Schmidt  ^  and  M.  IVeund  *  during  the 
last  two  decades.  It  is  closely  related  to  narcotine.  Like  narootiiie^ 
it  breaks  up  by  acid  oxidation  into  opianic  acid  and  hydrastinine. 

CaiHjiNOe  +   H,0  +  O     «     C10H10O5  +  CiiHijNO, 

Hydrastine.  Opianic  acid.      Hydrastinine. 

It  contains  two  methozyl  groups,  but  neither  aldehyde  nor  ketom 
group  nor  ethylene  linkage. 

Hydrastinine  only  differs  from  cotamine  by  the  group  CH|0, 
which  suggests  one  methozyl  group  less  in  hydrastinine,  and  leads  to 

^  Archiv  d.  PAorm.,  1884,  224, 974 ;  226,  289 ;  1886,  288,  49, 221, 698 :  28L  Ml; 
1888,  282,  186. 
'  A  Bummaiy  is  contained  in  ^ttnalsn,  1892,  271}  811, 
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general  conclusion  that  narcotine  itself  is  a  methozy-hydrastine. 
"Siis  view  has  been  confirmed.  Hydrastinine  on  reduction  with 
u&c  and  hydrochloric  acid,  sodium  amalgam,  or  by  electrolysis, 
»  converted  into  hydrohydrastininej  C21H13KO2,  a  compound  which 
lAS  been  synthesized  by  Fritsch  ^  as  follows :  piperonal  is  condensed 
TiXkk  amino-acetal,  and  the  product  is  then  treated  with  sulphuric 
wcidy  by  which  alcohol  is  removed. 


CH(OC,Ha)^ 


CHO 


CH(OC,H,), 
>0/\    \CH, 

CH 


•f  2C A^H 


OH 

Methylene-diozyifloquinolme, 

When  the  methiodide  of  the  last  compound  is  reduced  with  tin 
mnd  hydrochloric  acid,  it  is  converted  into  hydrohydrastinine.  Accord- 
ing to  Freund,  hydrohydrastinine  yields  hydrastinine  on  oxidation 
^rith  potassium  dichromate  and  sulphuric  acid. 


Hydrohydrastiiiine. 


The  relation  of  hydrohydrastinine  to  hydrastinine  follows  from 
the  general  properties  of  the  latter.  It  contains  an  aldehyde  group 
like  cotamine,  and,  like  cotamine,  forms  salts  with  the  elimination  of 
a  molecule  of  water.  On  oxidation  it  is  converted  successively  into 
oxyhydrastinine  G11H12NO3,  hydrastinic  acid  C^iH^NOe,  and  finally 
apophyllenic  add.  There  are  a  variety  of  other  products  known,  but 
sufficient  has  been  stated  to  afford  a  basis  for  a  satisfactory  structural 
formula.  The  relation  of  hydrastinine  to  oxyhydrastinine  is  xepre^- 
sented  as  follows ; 


^  ^fUMlm,  1895,  886,  U 

9qa 
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CH, 

Noli      WHCH, 

Hydnwtiniiie. 

whilst  hydnstiae  has  the  formula : 


OzyhydnsliiiiiML 


Hydrufcint. 

BtrlMviiM  was  diacarsred  in  1826  in  prieUy  ash  (saanAaxyta 
damhereulis)  by  Chevalier  and  Pelletan,  who  named  it  xtmAqpicnk, 
When  Bachner  in  1885  found  it  in  barberry  root  the  name  was  Changs' 
to  berbeiine.    Since  then  it  has  been  obeerred  in  many  other  plants^ 
the  largest  amount  (8-9  per  cent.)  being  found  in  cqptis.    The  oomr 
position  of  berberine,  C9oHi7N04y  as  well  as  its  constitution,  haiB 
been  worked  out  very  completely  by  W.  H.  Perkin,  jun.^    'R$ 
following  are  the  principal  facts  upon  which  its  structure  tobU 
Berberine  is  a  tertiary  base,  and  forms  salts  which  hsTB  a  yellow 
colour.    It  contains  neither  aldehyde,  ketone,  nor  hydroxyl  groups 
Of  the  two  methyl  groups,  which  are  removed  by  Zeiael's  method, 
neither  is  attached  to  nitrogen,  and  they  are  consequently  present  ai 
methoxyL 

The  most  important  insight  into  the  structure  of  berberine  is 
afforded  by  its  products  of  oxidation.  By  the  action  of  permangiiiife  \ 
in  alkaline  solution,  Schmidt'  obtained  hennpimc  and  hpdrasHeaeUt, 
both  of  which  had  been  preyiously  prepaied  from  hydrastine ;  yAuM 
Weidel'  by  using  concentrated  nitric  acid  obtained  teftenrnfeocMter 
/}-)^«'«pyridine  tricarboxylic  acid. 

^  Tran$.  Okem.  Soc,  1889,  85,  68;  1890,  S7|  99S. 
*  Arch.  d.  PAorm.,  228,  696. 
'  S§r.,  1879,  la,  ilO. 
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COOH 
/NoOOH 


Hemipinio  aeid.  Hydraatie  acid.  Berberonio  acid. 

A  renewed  study  of  the  action  of  permanganate  on  berberine  by 
Perkiny  jun«,  led  to  the  isolation  of  the  following  series  of  oxidation 
products : 

Oxyberberine     C20HX7NO5    Anhydroberberilic  acid  G20H17NO3 


Dioxyberberine  C^JELn'NO^    Berberilio  acid 
Berberal  C20H17NO7    Berilio  acid 


C20H15NO3 


from  which  oxyhydrastinine  was  ultimately  prepared  and  a  common 
Tbond  established  with  narcotine  and  hydrastine.  The  most  interest- 
ing of  the  above  series  are  iefierUic  acid  and  berberal.  Berberilic 
acid,  which  is  a  dibasic  acid,  breaks  up  on  boiling  with  dilute  sul- 
phuric acid  into  hemipinio  add  and  amino-ethyl  piperonylic  acid. 


CH3O 
CHaO/NjOOH 

sJcOOH 

Hemipinio  add. 


2  •  OH2  *  ^^2 

OOH 

Amino-^thyl  piperonylic  add* 


In  the  same  way  berberali  when  treated  with  alcoholic  potash,  is 
resolved  into  amino^thyl  piperonylic  anhydride,  C10H9NO3,  and 
pseudo-opianic  acid,  G^oHioO^.  The  former  is  regarded  by  Pei-kin  as 
noroxyhydrastinine  since  it  can  be  converted  into  oxyhydrastinine. 


CHjO 
CH,0r\jHO 


^3" 


lOOOH 


\/ 


PMOido-opianio  Mid. 


CHg 
Norosyhydrastinine. 


As  berberal  is  an  aldehyde,  the  union  between  noroxyhydrastinine 
and  pseudo-opianio  add  must  be  effected  through  the  carboxyl  and 
not  tiirough  the  aldehyde  groups  and  will  probably  have  the  follow- 
ing structure  I,  and  berberine  will  appear  as  II: 
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CHji 

Berbei«l(I). 

or  arranged  somewhat  differently : 


CHy 

B«ib«iiit.«  (H^ 


0-jHC, 
/\6 


CHjO 
CH3O/YIYY 

CH, 

BerlMrine. 

This  arrangement  contains  the  groups 

C(DO 

\AIA/ 

which  Perkin  regards  as  the  chromophoric  group,   impartiiig  f» 
berberine  salts  their  yellow  colour. 


THE  HOBPHINE  ALKALOIDS 

This  group  includes  at  least  four  important  alkaloids  found  ia 
opium,  namely,  morphine,  codHne,  pseudomorphme  and  thebahte,  Tbsj 
are  distinguished  from  the  more  numerous  class  of  opium  alkaloidB 
to  which  papaverine  and  narcotine  belongs  by  their  poisonous  diir 
racter.  In  cfpite  of  the  enormous  mass  of  material  which  has  resolied 
from  the  study  of  these  alkaloids,  we  are  still  ignorant  of  tlieir 
structure.  The  following  pages  contain  a  yery  general  and  incooi* 
plete  summary  of  the  results. 


MOEPHINE  AND  CODEiNlT  59& 

ISospliina  aad  Oodauia.  The  structural  relationshipB  between 
morphine  and  codeine  may  at  once  be  made  clear.  The  formula  for 
morphine,  O^'Ri^'SO^f  and  codeine,  CigHjiNOs,  indicates  a  difference 
of  a  methyl  group,  and  the  conversion  of  the  one  into  the  other  by 
Orimauz  in  1881  by  the  action  of  methyl  iodide  and  caustic  potash, 
And  later  by  that  of  diazomethane  on  morphine,  leayes  no  <loubt 
about  the  correctness  of  this  view. 

Morphine,  as  already  stated  (p*  684),  was  the  first  alkaloid  to  be 
isolated.  Although  the  average  amount  in  opium  is  given  in  the 
table  (p.  586)  as  9  per  cent,  it  varies  considerably,  and  may  rise  to 
20  per  cent,  or  more  in  some  specimens,  or  fall  to  8  per  cent  in 
others.  Morphine  is  a  tertiary  base  and  at  the  same  time  a  mono* 
liydric  phenol,  for  it  dissolves  in  caustic  alkalis  and  forms  salts  with 
one  atom  of  metal,  from  which  it  is  again  precipitated  by  carbon 
dioxide.  On  the  other  hand,  it  forms  diacyl  derivatives,  and  there- 
fore contains  two  hydrozyls,  one  of  which  is  probably  alcoholic  in 
character.  The  third  oxygen  is  indifferent  and  is  probably  present 
as  an  anhydride  or  ether  group.  Morphine  is  very  oxidisable, 
reducing  certain  metallic  salts  and  separating  iodine  from  iodic 
acid.  The  product  of  these  and  other  weak  oxidising  agents  is 
a  non-poisonous  compound  known  as  pseudonunphme,  which  is  also 
present  in  opixun.    Its  structure  is  still  unknown* 

2C„HmN08  -I-O    -    (CnHigNOg),  H-H^O 

Moiphine.  Pseudomorphine. 

The  action  of  dehydrating  agents  is  either  to  produce  condensation 
of  two  or  more  molecules  and  form  tri-  and  tetra-morphine  or,  if 
hydrochloric  acid  is  used,  to  eliminate  water  with  the  production 
of  a  substance  known  as  apomorphinef  CxtHi^NO,,  in  which  two 
phenolic  hydroxyls  are  present. 

Our  knowledge  of  the  structure  of  morphine  and  codeine  from 
this  point  centres  round  the  recent  investigations  of  Yongerichten,^ 
of  Enorr  and  of  Pschorr.' 

By  the  distillation  of  morphine  over  zinc  dust^  Yongerichten  and 
SchrOtter  obtained  phenanthrene  together  with  a  series  of  bases — 
ammonia,  trimethylamine,  pyrrole,  pyridine,  and  a  substance,  mor- 
phidine^  since  recognized  as  a  mixture  of  two  bases.  The  appearance 
of  phenanthrene  is  sufSciently  interesting,  but  in  consequence  of  the 
high  temperature  used  in  the  reaction,  no  proof  is  afforded  of  its 

*■  See  yarioQB  papers  iu  the  BtrieMe  from  1896  onwards. 

*  See  YBrious  papers  in  the  Bvrichie,  1889,  1894,  1897,  1898,  1899,  1908,  and 
Armalm,  1898,  SOI,  1 ;  1899,  307,  171. 
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existence  in  the  alkaloid  itself^  Further  oonfinnation  was  nowwy. 
Vongerichten  and  SohrOtter  then  submitted  codeine  to  the  prooe«d 
exhaustiTe  methylation.  On  distilling  eodelne-methyl  hydroiidi 
a  new  base  is  formedi  to  which  the  name  a^mdh^fimorg^kimeOii^ii  ks 
been  given. 

(OH)(CH30)C„H„ONCH3(OH)  -  (OHXCHjO)OnHieONCH,  +  H/) 

Codeine-methyl  hydroxide.  «-Methylmoiphimetlime. 

This  new  compound  still  contains  hydroxyl,  and  when  heated  lA 
hydrochloric  acid  or  acetic  anhydride  is  resolved  into  methyl* 
dihydroxyphenanthrene  and  dimethylamino-ethanoL 

(OH)(CH,0)Ci7Hi80NCH3  -  (OH)(CH30)Ci4H8  +  (OB)C^BJ({CR^ 

a-lleihylmorphimethine.  Methyldihydro^*  DimethjIamiDO- 

phenanihrene.  ethmnoL 

The  structure  of  methyldihydroxyphenanthrene  was  determmed 
by  its  resolution  into  dihydroxyphenanthrene  or  fHorphol  and  int» 
phenanthrene,  and  since  morphol  is  converted  successiTelj  by  ozi* 
dation  into  the  corresponding  quinone  and  into  phthalic  acid,  boft 
hydroxyls  must  be  present  in  the  same  ring. 

CeH4 CH  CeH^ CO  C^H^ .  OOOH 

CeHg(OH),--CH     ^      CeHa(OHJ-CO     "^     COOH 

Morphol.  Morphol  qoinone.  FhUudie  add. 

The  structure  of  dimethyl-  and  monomethyl-morx&ol  has  sidcb 
been  confirmed  by  Pschorr  and  Sumuleanu  and  by  Psehonr  Mnd 
Yogtherr,*  who  obtained  them  synthetically, 

CH3OOCH,  CHsO     OH 


<z^-<~y 


Dimethyl-morphol  Methyl-morphol 

(8.  i-Dimethozyphenanthrene).  (S-Methoxy-i-hydroxypheoABthiVBe). 

By  combining  the  results  of  the  various  reactions  carried  out  is 
the  manner  described,  Knorr  originally  suggested  a  formula  for 
morphine  in  which  the  methylamino-ethanol  group  was  attached  to 
the  phenanthrene  nucleus  as  an  oxarine  or  marphotme  group  thai: 

0 

(HO)A4Hxo<Q^g*^ 

NCH3 


*  JBer.f  1900,  83, 1810 ;  190S,  85,  4418. 
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l>ut  this  view  is  now  abandoned,  and  the  ethanol  group  is  at  present 
regarded  by  Knorr  *  as  a  secondary  product  derived  from  an  original 
vinyl  group. 

The  reasons  for  this  are  based  upon  the  different  behaviour  of  the 
artificial  morpholine  derivatives. 

A  variety  of  these  compounds  have  been  prepared  synthetically 
by  Knorr.  Such,  for  ezamploi  iaphenmorpTioUnef  obtained  by  internal 
condensation  of  o-ethanolazninophenoL 

O 


\/ 


NH .  CHa .  CHaOH 


H, 


o-Ethanolaminophenol.  Phenmorpholine. 

Another  interesting  synthetic  product  is  the  base  naphfhdlane 
morphdinej^  which  is  obtained  by  condensing  tetrahydronaphthalene 
chlorhydrin  with  ethanolamine. 

CHa  CH,  O 


^-x 


•cHa 


Tetrahydronaphthalene 
chlorhydrin. 


Kaphthalane  morpholine. 


Although  the  JV-methyl  derivative  of  this  compound  closely  re- 
sembles morphine,  both  in  its  physiological  action  and  in  the 
character  of  its  disintegration  products,  yet  the  dimethylamino- 
ethanol  derivatives  of  dihydronaphthalene  differ  greatly  in  stability 
from  methylmorphimethine,  and  they  cannot  therefore  be  similarly 
constituted.  The  same  view  has  been  arrived  at  on  other  grounds 
by  Freund '  from  the  study  of  the  closely  related  alkaloid,  thebalne. 

This  connection  between  codeTne^  morphine,  and  thebatne  has  been 
arrived  at  in  the  following  way :  coefefnone,  which  is  obtained  by  the 
oxidation  of  codeine,  is  a  ketone  and  yields,  when  heated  with  dilute 
hydrochloric  acid,  thebenmCj  and  with  strong  hydrochloric  acid, 
mor]^'hothd)alne.  Now,  as  both  these  compounds  are  obtained  in  the 
same  manner  from  thebalne, '  the  two  alkaloids  must  be  nearly 
related.*  Moreover,  codelnone  is  decomposed  by  acetic  anhydride  into 
inethylamino-ethanol  and    8-methozy4 ,  C-dihydroxyphenanthrene, 


1  Ber.,  1905,  88,  8148. 
*  B0r.,  1906,  88,  8284. 


*  JliinaZm,  1899,  807, 171. 

«  Aoh  and  Knorr,  Ser.,  1908»  86,  8067. 
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which  is  tdated  to  Ouibaot  (p.  603).    Thus,  codeine  is  « 
8.4. 6-trihydrozyphenanthiene. 


OH 


< 


OH      OCH, 


Psohorr^  regards  the  nitrogen  atom  in  the  three  alkaloids  as  foi 
ing  part  of  a  pyridine  ring  and  bases  his  view  on  the  persistenee  <tf 
the  '  indifferent '  oxygen  atom  when  the  nitrogen  complex  is  entii^j 
detached.  Thus,  Yongerichten  obtained  from  the  stereoisomeiie  or 
)3-methylmorphimethine  mofphenol^  which  probably  has  the  forxnolai 


H 


TO 

Morphenol. 

and  Pschorr  formulates  the  structure  of  morphine  and  ihebalne 

follows : 

CHg  NCH3 

T      I       |CH 
OHOH 

Morphine.  ThebaXne* 

Thebaine  was  discovered  in  opium  by  Thiboumery  in  1835.  It 
was  investigated  by  Pelletier,  and  its  composition  (CxgHs^NO^i)  was 
correctly  determined  by  Anderson.  Our  knowledge  of  its  struc- 
ture, as  far  as  it  is  known,  is  mainly  the  result  of  the  careful  and 
systematic  study  which  Martin  Freund*  has  devoted  to  the  subject 
since  1894. 

The  molecular  formula  of  the  three  alkaloids,  morphine,  codeine, 
and  thebaXne,  would  in  itself  suggest  a  connection  between  them. 

C17H19NO3  CifiHjiNO^  C19H21NO3 

Morphine.  Codeine.  ThebaXnew 


1 


^  The  present  position  of  the  morphine  problem  is  discussed  by  Fwhorr  and 
Einbeok,  Ber,,  1907,  40,  1980,  and  by  Knorr  and  HOrlein,  Ber.,  1907,  40,  SOiS. 
*  £«r.,  1896,  28,  941 ;  1897,  80,  1867 ;  1899,  88,  168. 
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Such  a  relationship  has  already  been  shown  to  exist.    Thebalne  is 
a  tertiary  base ;  it  contains  two  hydrogen  atoms  less  than  morphine, 

X1.0  hydrozyly  but  two  methozyl  groups.    As,  in  addition,  it  yields 
'fcetramethylethylene  diamine, 

(CH3)3N.C2H4.N(CH3)a 

on  exhaustive  methylation,  it  contains  a  JV-methyl  group,  and  accord- 
ingly its  formula  may  be  written : 

(CH3O)a.CieHijO.N0H8 

Thebalne  undergoes  a  similar  decomposition  to  the  other  two 
alkaloids ;  for  on  boiling  with  acetic  anhydride  it  is  resolved  into 
the  acetyl  derivatiyes  of  the  nitrogen-free  thebaol  and  of  fnethykmino- 
eihandy  the  latter  furnishing  a  further  proof  of  the  presence  of  the 
methylamine  radical. 

(OH3O)aCieH„ON0H3  +  H3O  =  (0H3O)aCi4H7OH  +  (HO)C3H4NHCH3 

Thebalne.  ThebaoL  Hethylamino-ethanol. 

Thebalne  methyl  iodide  in  presence  of  silver  acetate  undergoes 
a  simihir  change,  but  in  this  case,  in  addition  to  thebaol  acetate  the 
acetyl  derivative  of  dimethylamino-ethanol  is  formed. 

Thebaol  was  shown  by  Freund,  using  similar  methods  to  those 
already  described,  to  be  a  dimethoxy-hydrox3rphenanthrene.  It 
yields  a  quinone  on  oxidation  resembling  phenanthraquinone  and 
possessing  the  properties  of  an  ortho  diketone,  and  on  further  oxida- 
tion passes  into  o-methoxyphthalio  acid.  The  synthesis  of  thebaol- 
quinone  by  Pschorr  and  Seydel^  from  2-nitro-isovanillin  has 
definitely  established  the  structure  of  thebaol  as  4-hydroxy-8:6- 
dimethoxyphenanthrene. 

CH3O  OH     OCH. 

<I>KZ> 


It  is  clear  from  the  foregoing  that  the  constitution  of  thebalne 
is  intimately  related  to  that  of  morphine  and  codeine,  and  that 
the  same  key  which  would  serve  to  unlock  one  structure  would  fit 
the  other  two.  At  present,  however,  the  key  is  missing,  and  the 
structural  formulae  which  have  been  assigned  must  be  regarded  as 
provisionaL 

'  Ser.,  1902,  86,  4400. 
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THE  QUINOLINE  ALKALOIDS 

Qniiiina  and  Cinolionine.  Among  the  yarious  alkaloids  which 
are  found  in  cinchona  bark,  quinine  and  cinchonine  are  the  mo^ 
plentiful,  the  most  important  and  the  most  carefully  invasiigaied. 
As  it  has  been  also  shown  that  they  are  similarly  constituted,  thcR 
are  certain  advantages  in  discussing  them  together. 

Both  alkaloids  were  discovered  in  1820  by  Pelletier  and  G^Tenion, 
and  the  molecular  formulae  of  the  anhydrous  bases  were  fbund 
to  be: 

02oHs4^2^S  0x9H22^2O 

Quinine.  Cinchonine. 

Both  alkaloids  are  bi-tertiary  bases^  that  is  to  say,  the  two  nitrcigeii 
atoms  are  present  as  tertiary  groups.  Of  the  two  oxygen  atoms  of 
quinine  one  is  present  as  hydroxyl,  the  other  as  methoxyL  By 
heating  quinine  with  strong  hydrochloric  acid  the  methyl  group  k 
eliminated  as  methyl  chloride  and  the  product  is  known  as  apo- 
quinine. 

Ci9HaoNj(OHXOCHa)  +  HCl  -  Oi9H«,Nj(OH)j  +  OHaCa 

Quinine.  Apoqninine. 

The  oxygen  atom  of  cinchonine  represents  a  hydroxyl  gronp. 


Oxidation  of  Qniaine  and  Oinehoniiie,  The  products  obtained 
by  oxidising  the  two  alkaloids  has  shown  that  each  alkaloid  is 
sharply  divisible  into  two  parts.  With  energetic  oxidising  agents 
cinchonine  yields  cinchoninic  acid,  whilst  quinine  yields  quininie 
acid.  The  structure  of  both  acids  is  known  and  represented  by  the 
following  formulae : 


COOH 
Cinchoninio  a«id. 


COOH 

Quininie  aeid. 


►OH, 


It  will  be  seen  that  the  two  acids  stand  in  the  same  relation  as 
the  alkaloids  from  which  they  are  derived,  and  thus  *  the  seeond^half ', 
as  it  is  termed,  is  probably  identical  in  both. 
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OioH„(OH)N  CioHu(OH)N 

«OCH, 


X^ 


N 

Oinohoiiine.  Quinine. 

The  farther  inveBtigation  of  fheir  Btmeture,  which  up  to  this  point 
i¥as  dearly  explained  by  Skraup,  has  offered  unexpected  diflScultied, 
and  the  constitution  of  'the  second-half'  is  not  yet  finally  and 
definitely  established. 

Among  the  mass  of  materials  which  have  accumulated  on  the 
subject,  those  only  have  been  selected  which  appear  to  have  a  direct 
bearing  on  the  problem  under  discussion.  If  dnchonine  is  oxidised 
with  permanganate,  formic  acid  is  split  off  and  a  new  base  dnchote- 
nine  is  formed. 

CwHjjN^jO  +  O4  «  CisHjoNjOg  ■!•  CHjO, 

Cinchonine.  Oinchotenine. 

Similarly  quinine  yields  guitemne. 

Quinine.  Quiienine. 

Cinchotenine  still  contains  the  original  hydroxyl  group  of  cin- 
chonine, and  in  addition  a  carboxyl  group,  since  it  yields  an  ester ; 
but  whilst  cinchonine  forms  an  additive  compound  with  hydrogen 
iodide,  cinchotenine  has  lost  this  power.  Thus,  in  all  probability, 
the  change  depends  on  the  oxidation  of  an  unsaturated  aide-chain. 

\0H  N)H 

Cinchonine.  Cinchotenine. 

The  same  kind  of  difference  is  exhibited  between  quinine  and 
quitenine. 

Koenigs  ^  found  that  when  eunchonine  is  acted  upon  with  a  mixture 
of  phosphorus  pentachloride  and  oxychloride  the  hydroxyl  group 
is  replaced  by  chlorine  and  forms  cinehonme  -  chtaride.  Alcoholic 
potash  removes  a  molecule  of  hydrogen  chloride,  and  a  new  oxygen* 
free  base  is  formed,  which  was  named  by  Koenigs  cinAene. 

Oi9H,iN^OH)       ^  CmH^NsOI         -^  CigHjoK, 

Cinchonine  Cinchonine  chloride.  Cinchene. 

1  Various  pepexB  in  theBsKdUs,  beginning  with  .B^.,  1880, 18, 286,  to  the  present 
time. 
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Quinine  behaves  Bimilarly  and  yields  gp/tinenej  Ci^'SiQ(OCHJi!!L 
To  these  two  substances,  cinchene  and  quinene,  Koenigs  and  iiii 
collaborators  ^  have  devoted  their  attention  with  the  object  of  estai^ 
lishing  the  structure  of  the  '  second-half'  of  the  molecule. 

On  prolonged  boiling  with  strong  hydrobromic  acid,  ammonia  ■ 
split  off  and  water  taken  up  by  both  compounds,  yielding  apodndtm 
in  one  case  and  apoqumene  in  the  other. 

dgHaoNa  +  HjO    «=    CigHijNO  +  NH3 

Cinchene.  Apocinchene. 

Ci9Hi9(OCH8)N2  +  HgO  +  HBr  -  CiaH^NOa  +  NH3  +  CH^Br 
<)ulnene.  Apoquinene. 

If,  on  the  other  hand,  cinchene  and  quinene  are  heated  with  25  p« 
cent,  phosphoric  acid  solution  under  pressure,  two  molecules  of  water 
are  taken  up,  and  lepidine  and  jp-methoxy-lepidine  are  respective 
formed,  together  with  a  second  product  which  is  common  to  both  and 
is  named  meroquvnme.  The  structure  of  meroquinene  has  a  special 
significance,  as  it  may  be  taken  to  represent  the  second-Iialf  of  the 
two  alkaloids. 

Ci9H2oNa  +  2HjO  «  C10H9N  +  C9H15NO, 

Cinchene.  Lepidine.     Meroquinene. 

C„H„(OCH8)Ns+2HaO  -  OioHg(OCHs)N  +  C,H„NO, 

p-Methoxy-lepidine.      Meroquinene. 

Stniotnre  of  Apocinchene.  Eoenigs  succeeded  by  oxidising  the 
ethyl  derivative  of  apocinchene  in  resolving  it  step  by  step  into  thres 
new  products,  which  have  been  identified  as  derivatLves  of  quinolyl* 
phenol. 

The  first  is  known  as  eihylapocinchenic  ootd,  the  second  as  the 
lactone  of  hydroxyethylapodnchenic  acidy  and  the  third  has  been 
identified  as  quinolylphenetole  dicarhaxylic  acid, 

yCOOH 
CgHgN .  CeHj^COOH 

\0C,H5 

Again,  if  ethyl  apocinchenio  acid  is  boiled  with  hydrobromic  aeid, 
carbon  dioxide  and  ethyl  bromide  are  removed  and  homapaeindiaie 
is  formed.  The  ethyl  derivative  of  the  latter  yields  on  oxidation 
ethylhomapocinchenic  acid ;  and  if  the  silver  salt  is  heated,  y-quinolyl* 
phenetole  results.  Finally,  y-quinolylphenetole  i^  converted  into 
y^uinolylphenol  with  hydrobromic  acid. 

^  AnnakHf  1906,  847,  lid. 


STEUCTUEE  OP  APOCINCHENE  «07 

The  series  of  changes  are  represented  as  follows : 

C,H,N .  CjH^COOH         —  C,H,N .  C,Hj< 

\OCjHi  \0H 

Ethylapocinchenle  acid.  HomapoeinoheDe. 

yCjH,  XJOOH 

C,H,N .  C,H,<  —  C,H,N .  C,H,< 

Ethylhomapooinchene.  Ethylhomapooinohenic  acid. 

C^HeN .  CflH^ .  OCaHfl  -^  CgHeN .  OeH^OH 

7-Qtiinolylplienetole.  7-Qainol7lphenol. 

Putting  the  above  facts  together,  the  probable  formula  for 
apocmchene  is  that  of  a  quinolyl  diethylphenoL 

C,HcN 

Apooinchene. 

Stmctiire  of  ICeroqiiineiie.  In  addition  to  the  method  already 
described  for  the  preparation  of  meroquinene,  Eoenigs  succeeded  in 
obtaining  it  by  the  direct  oxidation  of  cinchonine  with  chromic  acid. 
By  further  oxidation  with  cold  permanganate  in  presence  of  sulphuric 
acid  meroquinene  is  converted  into  dnchdlovponic  acid^  C8Hi8N04« 

C9H15NO2  +O4     «     C8H13NO4  +CHjO, 

Meroqninene.  Cinoholoiponio 

aoid. 

From  the  latter  Skraup  obtained  by  careful  oxidation  with  per- 
manganate small  quantities  of  a  second  acid  which  he  termed 
hiponie  add,  C7HX1NO4.  All  these  compounds  appear  to  contain 
a  piperidine  nucleus,  the  presence  of  which  has  been  demonstrated 
in  various  ways.  Thus,  when  meroquinene  is  heated  with  hydro- 
chloric acid  to  240^  with  or  without  the  addition  of  mercuric  chloride 
y-inethyl'P'ethylpyridine  is  formed,  whilst  strong  sulphuric  acid  con- 
verts  cincholoiponic  acid  into  y-methylpyridine ;  finally,  Eoenigs 
showed  that  loiponic  acid  is  transformed  by  heating  with  potash  into 
an  isomeric  add  which  is  identical  with  S3rnthetical  hexahydro- 
cinchomeronic  aoid  (piperidine-j9-ydicarboxylic  add).  The  other 
reactions  for  meroquinene  indicate  that  it  is  a  secondary  base,  with 
an  unsaturated  side-chain  (it  forms  an  additive  compound  with 
bromine)  and  a  carboxyl  group  (it  forms  an  ester  vrith  alcohol}t 
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These  faets  taken  togettier  point  to  the  followinsr  •■  the  wd 
probable  fonnulae  for  meroquinene  and  its  ozidatioii  prodoe(% 

OH.CHj.COOH  GH.CH,.  OOOH 

GH.CHiCH, 


H, 

HiOvJCH, 
[H 

Loipoiii«  acid. 

or,  less  probably, 

CH.C!OOH 

Y 

H,<V^|OH .  C5H :  CH, 


H,< 

NH 

Cineholoiponie  aoid. 

CH.COOH 
CH.COOH 


CH3COOH 


V 


.OOOH 


dnoholoipoiiio  mad. 

It  therefore  follows  that  the  'second-half*  is  a  piperidine  nueleas* 
and,  moreoTer,  that  it  is  attached  to  the  y-carbon  of  the  quinoUne 
nucleus  by  the  carbon  atoms  of  the  THude-chain,  since  on  oiidation 
meroquinene  and  dnohoninic  acid  are  produced,  each  of  iMriueh  has 
a  carboxyl  in  the  ^position.  By  the  same  process  the  hydroxjl 
group  disappears,  and  must  also  form  part  of  the  y-sideHshain« 

It  will  be  seen  from  this  summary  that  the  structure  of  the 
*  second-half  and  also  the  nature  of  the  union  between  the  piperidine 
and  the  quinoline  nucleus  is  stUl  uncertain,  in  addition  to  whidi 
the  position  of  the  hydroxyl  group  in  the  yside-chain  is  unde* 
termined  and  the  exact  function  of  the  y-side-chain  nnknowiL 
A  certain  amount  of  light  has  been  thrown  on  these  obscure  poinis 
by  the  study  of  a  substance  known  as  dnckohxme. 

Mmoturt  of  (Maehotadnea  The  monoalkyl  iodides  of  cinehomne 
produced  by  the  direct  action  of  the  alkyl  iodide,  and  in  which  the 
alkyl  iodide  has  been  shown  to  attach  itself  to  the  terttaiy  nitrogea 
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yt  the   ^second  half,  lose  hydrogen  iodide  when  decomposed  by 
Edkalis  and  form  alkyl  oinohoninea    The  methyl  derivative, 

CwHaiNO .  NCH3, 

obtained  in  this  way  was  found  by  Miller  and  Rohde*  to  combine 
^rith    phenylhydrazine  and  yield  a  hydrazone^  whilst  cinchonine 
itself  does  not  give  this  reaction.    It,  however,  cinchonine  is  sub- 
mitted to  the  prolonged  action  of  phenylhydrazine  dissolved  in  dilute 
acetic  acid  at  a  temperature  of  100°,  combination  ensues.    The  mole* 
eular  rearrangement  which  evidently  takes  place  was  subsequently 
found  to  occur  without  the  addition  of  phenylhydrazine  by  merely 
heating  with  acetic  acid.    The  new  compound  is  a  base,  isomeric 
with   cinchonine,  but  possessing  highly  poisonous  properties,  on 
account  of  which  it  was  named  cinchotcxine.    Quinine  behaves  in 
precisely  the  same  manner  and  gives  rise  to  guinotaxine.    Oinoho- 
tozine  is  a  ketone  and  not  an  aldehyde  since  it  forms  a  hydrazone  and 
oxime,  but  does  not  reduce  silver  oxide.    It  is  also  a  secondary  base. 
How  is  the  change  from  alcohol  to  ketone  and  from  tertiary  to 
secondary  base  to  be  explained  ?    The  change  is  probably  tautomeric 
of  the  imidol-amide  type  (p.  180) 


C— 0(0H)— R 


C— CO— R 

II 
NH 


It  would  therefore  appear  that  the  link  which  binds  the  hydroxy^ 
carbon  to  the  nitrogen  of  the  piperidine  nucleus  is  dissolved,  and  that 
the  hydroxyl  consequently  occupies  the  a-position.  But  this  is  not 
all.  The  hydroxyl  group  has  also  been  shown  to  be  attached  to  the 
y-carbon  since  it  disappears  in  meroquinene,  and  must  therefore  form 
part  of  the  y-side-chaln.  To  represent  the  hydroxyl  as  occupjdng 
simultaneously  an  a-  and  y^position  necessitates  a  bridged  ring  of 
the  following  character : — 


COH 


\X^ 


or, 


N 


The  formation  of  a  ketone  from  cinchonine  also  means  that  the 
hydrozyl-carbon  is  already  linked  to  a  second  carbon  atom.  This 
second  carbon  probably  serves  as  the  bond  which  unites  the  two 
halves  of  the  molecule.    Such  at  least  is  the  interpretation  which 

^  Bw.,  1894,  27,  1187,  1279;  1895,  28, 1056. 

Br 
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has  been  placed  upon  these  fitcts,  and  finds  expression  in  the  foOBv-j 
ing  alternatiTe  fonnulae  for  oinchonine  and  cinchotozine : — 


CHs 

I 
C 


HO 


/I^pH.CHrCH, 


N 
CHr-0,H,N 

Cinehonine. 
or, 
CH 


HjO^    I    ^CH.CH:CH, 

CHi 

HO.ols^l  \X3Hj 

N 

CH2 — CjHjjN 

Cinehonine. 


CH, 

I 
C 


/T^CH.CH:C!H, 

00/    "^^^ 


IH, 


Cinohotozine. 


H.C 


oc 


or, 
CH 

l^jGH .  CH :  CH, 
NH 


Ginehotozme. 


Befbbbnobb 

Pyridin$  and  QitinclUne, 

Chemi€  dn  Pyridinif  by  A.  Oalm  and  K.  t.  Bachka.  Yieweg*  Bmnswid. 
1889-91. 

Ltkffmek  der  ChmmU^  toL  vii,  Boscoe-Schorlemmer,  by  J.  W.  BrQKL  Vieveg^ 
BrunBwiok,  1899. 

Pyridine  Chinclin  und  diren  Derivale,  by  S.  Meizger.    Yieweg,  Brunswiekf  188S. 
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Aldohezoses,  295 ;  synthesis  of,  299 ; 

configuration  of,  815. 
Aldol  condensation,  244,  278. 
Aldopentoses,  810. 
Aldoses,  synthesis  of,   299,  805;   in- 

yersion   of,   805;   configuration  of. 

815 ;  conversion  from  ketones,  805  ; 

interconversion  of,  806. 
Aldosides,  829. 
Aldoxime  acetic  acid  164. 
Aldoximes,  145 ;  configuration  of,  149 ; 

copper  compounds  of,  168. 
Alicyolic  compounds,  558. 
Alkali  albuminates,  896. 
Alkali-stable  oximes,  152. 
Alkaloids,  584  ;    properties    of,   557 ; 

of  pyridine,  558 ;  of  pyrrolidine,  568 ; 

of  isoquinoline,  586 ;  of  morphine. 

598 ;  of  quinoline,  604. 
Alkylammonium  iodides,  288. 
Alkylglucosides,  829,  848. 
Alkylisocyanides,  212. 
Alkylpyridines,  216,  587. 
Alkylpyridinium  iodides,  216. 
Alkylsuccinic  acids,  74,  91,  184. 
Alkyluric  acids,  877. 
Allantoin,  854,  856,  868,  871. 
Allelotropism,  208. 
AUocamphoric  acid,  510. 
Allocinnamic  acid,  118. 
Allomucio  acid,  802,  814. 
Alloxan,  867,  868,  870. 
Alloxantin,  868. 
Amide  radical,  16. 
Amide-imidol  tautomerism,  180. 
Amides,  conversion  of  215  ;  hydrolysis 

of,  286 ;  synthesis  of,  257. 
Amidines,  184. 
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AmisM I  sterio  hindrance,  269, 
Amino  aeids,  897,  898 ;  esten  of,  408 ; 

wpantion  of,  409. 
Amino  eaifoine^  862. 

—  parine,  872. 

—  uraoil,  874. 

—  xanthine,  888. 
Amphi*oomponnd8, 144. 
Amygdalin,  81,    299,  880,  848,   849, 

80o. 
Amjl  alcohol,  active,  15,  85,  68,  69, 

77, 81. 
Amylase,  sm  Diastase. 
Amyl  compounds,  rotation  of,  104. 
Am  jl  esters,  rotation  of,  97, 102. 
Amylodeztrin,  845. 
Amyloses,  295. 
Angelic  acid,  109,  118,  120. 
Anhydroberberilie  acid,  597. 
Anhydroecgonine,  582. 
Anil  compounds,  isomerism  of,  146. 
.Ajiisaldoxime,  145,  158. 
Anise  oil,  582. 
Anisildioxime,  145. 
Anti-bodies,  868. 
Anti-compounds»  148. 
Anti-enzymes,  868. 
Anti-pepsin,  868. 
Antipodes,  see  Enaniiomorphs. 
Apiole,  581. 
Apoatropine,  572. 
Apocamphorio  acid,  267,  499,  501. 
Apocinchene,  606. 
Apomoiphine,  599. 
ApophyUenic  acid,  591. 
Apoquinine,  604,  606. 
Aprin,  830. 

Arabinose,  79,  100,  298,  801,  808,  429. 
Arabinulose,  299. 
Arabitol,  810. 
Arabonic  acid,  802,  809. 
Arbutin,  849. 
Ai^inase,  850,  852,  401. 
Arginine,  850,  852,  898.  401. 
Aromatic  compounds,  15 ;  properties  of, 

486 ;  meaning  of,  553. 
Asparagine,  68,  75,  77. 
AsparUc  acid,  68,  70,  81 ,  898,  400. 
Aqrmmetric  carbon  compounds,   66; 

number  of,  90 ;  cycUc  compounds, 

90 

—  nitrogen  compounds,  167. 

—  selenium  compounds,  169. 
-^  silicon  compounds,  169. 
•^  sulphur  compounds,  169. 

—  synthesis,  84. 

-*  tin  compounds,  169. 

Asymmetry,    of    tartaric    acid,    68; 

absolute  and  relative,  180. 
Atomic  weights,  of  Berzelius,  8;  of 

Dumas,  5 ;  of  Gerhardt,  27. 
Atoms,  molecules  and  equivalents  of 

Laurent,  80. 


Atrolactinic  acid,  680. 
Atinopic  acid,  579. 
Atropine  572,  681. 
Ausiralene^  492. 
Autocatalyais,  288. 
Autoraoemisation,  81. 
Azial-^ymmetric,  110. 
Azides,  conversion  of,  215. 
Azo-hydrazone  taatomeriam,  183L 


BaoUlus  ethaoetieus,   76  ; 
zylinum,  866 ;  acidx 

Balbiano's  acid,  612. 

Barbituric  acid,  868. 

Barred  atoms,  6^  48. 

Base,  2. 

Basic  water,  7. 

Basicity  of  acids,  28,  28. 

Bay  oil,  582. 

Beckmann,  reaction  of,  149  ;  ekai^ 
218. 

Belladom'ne,  572,  581. 

Benzalaniline^  196^  227. 

Benzaldehyde,  1,  289,  488. 

Benzaldozibnes,  struetnrB  of,  188  ;  csi- 
figuration  o^  148,  148  ;  iavvzwatf 
151 ;  ethers  of,  189,  188. 

Benzene,  15 ;  theory  of,  488  ;  Kekntfi 
formula  for,  484 ;  properties  d,  491; 
symmetry  of,  442 ;  riagatroetiiiest 
444;    statical    formaUe   for,    4tf; 
diagonal  formula,  445;   Glaoa^  tat- 
mula,    446;   Ladenbazig*«   fiHnmk 
446 ;   centric  formula,    458  ;   Aib- 
strong-Baeyer  formula,  468;  phjBoI 
evidences  of  structure,  461 ;   dmI»- 
cular    refiraotion,    462;    molecoisr 
volume  of,  4ttB ;  heat  of  eomlnistiGa 
o^  468 ;  space  formulae  of  KafcuK 
465;   of  Baeyer,  466;    of   TaabeL 
466 ;  of  Sachse,  466 ;  Thielo's  fiir 
mula,  467 ;  Dynamic  formulae^  469L 

Benzenediazoaminotolueno,  tautomer- 
ism  of,  186. 

Benzene  hezabromide,  iaommsm  «C 
127. 

—  hezaehloride,  127. 

Benzenoid,  see  Aromatio. 

Benzhydrozamic  acid,  146. 

Benzhydroximie  acids,  146 ;   derifi- 
tivea  of  147 ;  configuration  of,  119. 

Benzidine  conversion,  818. 

BenzOdiozimes,  186, 144, 160, 151 

BenziUc  acid,  209. 

Benzil  monozime,  187. 

Benzilosazones,  166. 

Benziminoethyl  ether,  212. 

Benzocycloheptanone,  291. 

Benzoic  acid,  1,  7,  228;  radical  oi; 
1,  11.  "^ 

Benzoin  condensation,  277. 

Benzophenoneozime,  214. 

Benzoylaoetic  acid  ozime,  164. 
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Kenzoylaoetio  ester,  266. 
tonzoylaeetylmeihane,  190. 
lenzoylbenzoio  add,  291. 
lenzoyl  camphor,  206. 
lenzoylchloroquinoneoxime,  145. 
lenzoyldiaoetylmethane,  191. 
ienzoylpiperidine,  662. 
)enzpinaooline,  227. 
)eiizpinaoone,  209,  278. 
Senzylazide,  215. 
Benzylidene  acetate,  280. 

—  aceioacetic  ester,  286. 

—  acetone,  274,  289. 

—  camphor,  510. 

—  diacetoaoetic  ester,  192. 

—  diacetylaoetone,  192. 

Benzyl  propyl  ethyl  silicol,  aotiyity  of, 

171. 
Berberal,  597. 
Berberilic  acid,  597. 
Berberine,  586,  586. 
Berberonic  acid,  596. 
Bergamot  oil,  528,  582. 
BeriUc  acid,  597. 
BetaXnes,  541. 
Betulase,  «••  Ganltherase. 
Bioydic  terpenes,  492. 
Bilimbin,  426. 
Binary  compounds,  8. 
Bioses,  295,  806. 
Birotation,  100. 

Bisnitrosylbenzyl  compounds,  158. 

Bitter  almond  oil,  sea  Benzaldehyde. 

Biuret  base,  410. 

Biuret  reaction,  895. 

Bone^>il,  584,  586. 

Boric  acid,  effect  on  rotation,  99. 

Borneo],  84,  471,  498,  500,  517. 

Bomyl  chloride,  498, 500. 

Bomykmine,  510. 

Bornyl  iodide,  517. 

Boryl  alkaU  tartrate,  100. 

Brassidic  acid,  109,  118, 120. 

Bromscetyl  urea,  869. 

Bromacryfic  acid,  110. 

Bromangfilic  acid^  119. 

Bromelin,  850. 

Bromobu^lenes,  114, 120. 

Bromocamphoric  acid,  512,  515. 

—  anhydride,  509. 

BromocamphorBulphonic  acid,  78,  99. 

Bromocinnamic  acid,  110,  118, 118^ 

Bromoeotinine,  569. 

Bromofomaiic  add,  98,  116,  11& 

Brcmoisostilbene.  120. 

Bromomaldc  add,  98, 119. 

Bromonitroethane,  80. 

Bromo|uropylene,  109, 114. 

Bromoitilbene,  120. 

Bromosaednicadd,  81. 

Bromofheobromine,  888. 

Bromotiocnine,  569. 
Bromotropane,  579. 


Brudne,  78,  584. 
Butane,  synthesis  of,  246. 
Butane  tetracarboxylic  ester,  250. 
Butylenes,  120,  121. 
Butyric  fermentation,  861. 
Butyrobutyric  ester,  264. 

Gacaonin,  850. 

OacodTl,12. 

Gadet^  ftuning  liquid,  12. 

Cafldne,  881. 

Caffoline,  882. 

Caffuric  acid,  882. 

Cigeput  oil,  478. 

Gamphane,  478, 517. 

Camphanic  add,  508.       ^ 

Gamphene,  471,  478,  492,  498. 

Gamphenecamphoric  acid,  501. 

Gamphenilan  ludehyde.  501.         ^'^ 

Gamphenilanic  add^  501.  ' 

Gamphenilone,  501. 

Gamphenylic  acid,  601. 

Gamphoic  add,  499. 

Gampholenic  add,  497,  518, 522. 

GamphoUde,  511. 

Gampholytic  add,  a,  511,  520  ;  /9, 511. 

Gamphononic  acid,  514. 

Gamphor,  179, 498,  506,  516. 

Gamphors,  471,  504 ;  olefinic,  524. 

Gamphoramic  acid,  510. 

Gamphordiozime,144, 145. 

Gamphoric  acid,  81, 85»  91, 126, 506, 515. 

—  anhydride,  511. 
Gamphorimide,  218. 
Gamphor  oil,  582. 
Gamphoronic  acid,  259,  508. 
Gamphorquinone.  510. 

—  hydrazone,  184. 

—  phenylhydrazone,  184. 
d-Qunphorsulphonic  acid,  78,  168. 
Gane-sugar,  884 ;  synthesis  of,  885. 
Garane,  478. 

Garaway  oU,  475,  582. 

Garbanilide  of  benzaldozime.  189, 148. 

a-Garbocinchomeronic  acid,  540,  589. 

Garbohydrates,  294. 

Gardamom  oil,  478, 485. 

Garane,  478. 

Garone,  487. 

Garonene,  489. 

Garonic  add,  126,  488. 

Garoubin,  844. 

Garoubinase,  844. 

Garvacrol,  476  507. 

Garyenone,  178,  488. 

Ganreol  methyl  ether,  480. 

Garvestrene,  471,  487. 

Garvomenfhol,  476,  608. 

Ganrone,  471,  475,  480. 

Ganrotanacetone,  486,  508. 

Carvozime,  475. 

Gasein,  414,  480. 

Gaseinogen,  862. 
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Cassia  oil,  582. 

Gatalase,  857. 

Catalysis,  applied  to  other  formation, 

44 ;  to  the  Friedel-Crafts  reaction, 

29S  ;  to  fermentation,  840. 
Cellnlase,  844. 
Cellulose,  844. 
Centric  formula,  458. 
Chamomile  oU,  582. 
Chelidamie  add,  542. 
Chelidonie  acid,  542. 
Chelldonine,  542. 
Chemical  types,  21. 
ChinoTite,  810. 
Chinovose,  298,  810. 
Chloral,  6,  15, 16. 

Chloranils,  storic  hindrance  of,  126. 
Chlorimides,  stereoisomeric,  146. 
Chlorimino  ethers,  215. 
Chlorobenzophenoneoxime,    188    148, 

145. 
Chlot'ocaifeine,  882,  885,  889. 
Chlorocamphoric  acid,  518. 
Chloroform,  6,  15. 
Chloroguanine,  887, 
Chlorobromomethanesulphonic     acid, 

80. 
Chloroerotonic  acids,  109,  114. 
Chloronaphthoio  acids,  281. 
Chloroparazanthine,  890. 
Chlorophellandrene,  486. 
Chlorosucoinie  acids,  68,  70,  88,  85. 
Chlorotheobromine,  885. 
Chlorotheophyiline  885,  889. 
Chlorozanthine,  890. 
Chondrosin,  480. 
Chromopxoteides,  414,  420,  42a 
Cinohene,  605. 
Cincholoiponic  acid,  607. 
Cinchomeronic  acid,  540,  549. 
Cinchonidine,  78. 
Cinchonine,  78,  584,  585,  586,  604. 
Cinchoninic  acid,  549,  604. 
Cinchotenine,  605. 
Cinohotoxine,  608. 
Cineol,  471,  474,  478. 
Cinnamic  acid,  110,  280. 
—  aldehyde,  275,  581. 

oxime,  218,  550. 

Cinnamol,  275,  681. 
Cinnamon  oil,  582. 
Cinnamyl  radical,  12* 
Cis-oampholytic  acid,  see  isolauronolic 

acid. 
Cis-form,  110. 

Citraoonio  acid,  98,  110,  111,  118. 
Citral,  524,  527. 
Cltramide,  548. 
Citrazinio  acid,  548. 
Citric  acid,  259. 
Citronellal,  525,  529. 
Cltronella  oil,  498. 
Citronellol,  525,  529. 


Clotting  ferments,  862. 

Clove  oil,  580,  582. 

Clupeine,  416. 

Cocaine,  127,  581,  583. 

Codeine,  598,  599. 

Codelnone,  601. 

Co-ferment,  860,  862. 

ColUdine,  589. 

Colour  of  dynamic  isomers,  901 . 

Comenamic  acid,  542. 

Comenic  add,  542. 

Completed  isomeric  change,  207. 

Compound  radical,  11,  18,  16. 

Condensation,  244. 

Condensed  types,  47. 

Configuration,  of  geomeiTieai 

110;     determination     o^    128;    d 

aldoximes,  148;  of  ketoximee,  149; 

of  benzhydrozimic  acids,    149;  d 

dioximes,  150 ;  of  aldothexoses,  SB; 

of  tetroses,  817 :  of  pentosas.  817 ;  d 

hezoses,  815,  819;    of  ketohszeas. 

822;  of  rhamnosesy  388;  of  tartsne 

adds,  825. 
Conhydrine,  564.* 
Conice2Ene,  564,  566. 
Coniferin,  880.  849,  58a 
Conifeiyl  alcohol,  580. 
Conine,  56,  68,  78, 141,  664,  566. 
Conjugated  compounds,  26,  88. 
—  double  bonds,  452,  467,  491. 
Conjunct,  82,  86b 
Csostitution  of,  organic  acids,  22;  85; 

organic  compounds,  86, 89  ;  beuesi^ 

448,  see  aiao  Structure^ 
ConTorsion  of,  benzidine,  818 ;  piss- 

cono-pinacoline,  209. 
Conylene,  565. 
Conyrine,  540,  666. 
Copula,  82,  86. 
Copulated  oompounds,  27. 
Coriander  oil,  628, 532. 
Cotamic  add,  592. 
Cotarnine,  590. 
Cofcamone,  591. 
Coumalinic  acid,  542. 
Coumaric  acid,  110,  111,  279. 
Coumadin,  112,  279,  580. 
Crotonio  add,  109,  452. 
Crotonylene  hydrobromide,  120, 12). 
Cuminaldozime,  145. 
Cuminildiozime,  145. 
Cumin  oil,  488,  531. 
Cuminol,  438,  581. 
Cyanaoetic  ester,  247,  265,  889. 
C^anacetyl  guanidine,  889. 
Cyanamide,  154. 
C^^anides,  hydrolysis  of,  287. 
Cyanocamphor,  180. 
Cyanoform,  180. 
Cyanogen  radical,  12. 
Cyanogenetic  enzym»6,  850. 
Cyanuric  add,  181,  212. 
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OyoliCi  Ma  Aromatic. 
^   Qyolio  compounds,  stereochemistry  of, 
106.  125 ;  synthesis  of,  249,  287. 

Oyelobntane    dioarboxylio   acid,    126, 
t  181,  250. 

Oycloheptadienej  577. 

—  oarbozylio  acid,  584. 
Cyoloheptene,  576. 
C^olohexane,  247,  444,  462. 

I     —  dicarbozylic  acid,  250. 

—  tetraoarboxylic  acid,  250. 
Oyclohexanone  carboxylic  acid,  489. 

I     Cyolopentane  dicarboxylic  acid,  126. 
;     —  tetracarboxylio  acid,  250. 

C^olopentenone,  298. 

C^relopropane,  246. 
i      —  dicarboxylic  acid,  126,  129,  249. 

Oynacetyl  urea,  877,  888. 

Gyprinine,  416. 
I       Oyateine,  898,  408. 
I       Cystine,  898,  408. 

Cytase,  see  Cellulase. 

Cytosine,  858,  878,  422. 

Baphnin,  849. 

Dehydroeamphoric  acid,  514,  518. 

Dehydrohaematin,  426. 

Density  of  stereoisomers,  74,  85;  of 
dgmamio  isomers,  198. 

Dennotropio  compounds,  189. 

Desoxybenzoin,  195,  247. 

Diaoetoaoetio  ester,  211. 

Diaoetonamine,  685. 

Dlaoetonitrile,  180. 

Diaeetosuccinio  ester,  174,  192,  248. 

Diacylanilides,  conversion  of,  217. 

Diagonal  formula,  445. 

Dialkylmalonic  esters,8teric  hindrance, 
286. 

Dialkylsuccinio  acids,  74. 

Dialkylsuooinosuccinic  esters,  isomer- 
ism of,  126. 

Dialurio  acid,  868. 

Diaminocaproic  acid,  sm  Lysine. 

—  dioxypyrimidine,  877, 888. 

—  pyrimidine,  888. 

—  valeric  acid,  sm  Ornithine. 
Diastase,  889,  844. 
Diazoaoetio  ester,  487. 
Diazoamino-compounds,    tautomerism 

of,  186 ;  conversion  of,  221. 
Diazobenzene  cyanides,  158,  196. 
Diazobenzene  sulphonates,  158,  198. 
Diazo-oomponnds,  stereochemistoy  of, 

157 ;  structure  of,  159 ;  configuration 

of,  160 ;  isomeric  change  of,  161, 198  ; 

action  on  aromatic  amines,  289. 
IMazonium  compounds,  see  Diazo-com- 

pounds. 
Diazotates  of  potassium,  157, 196. 
Dibenzalphenylhydrazone,  221. 
Bibenzalsuccinic  acid,  118,  124. 
Dibenzoylethylene,  118. 


Dibenzoylmethane,  190,  211. 
Dibenzoylsnccinic  ester,  191. 
Dibens^lidene  acetone,  274. 
Dibromobarbituric  acid,  868. 
Dibromob^zene,  structure  of,  441. 
Dibromocotinine,  569. 
Dibromoftimaric  acid,  118, 114. 
Dibromohexfdiydroterephthalic    acid, 

449. 
Dibromomaleic  acid,  118. 
Dibromopyridine,  574. 
Dibromosuodnic  acid,  115,  119. 
Diethoxybutyric  ester,  284. 
Diethoxyhydroxycaifeine,  882. 
Diethylaoetic  ester,  260. 
Diethylsuccinic  add,  74. 
Dihydrobenzene,  462. 
Dihydrocamphoric  acid,  515. 
Dihydrooarveol,  476. 
Dihydrocarvone,  178,  476,  487. 
Dihydrocollidine  carboxylic  acid,  589. 
Dihydrocymene,  486b 
Dihydromuconic  acid,  451,  459. 
Dihydronicotyrine,  571. 
Dihydrophthalic  acid,  126,  455. 
Dihydropiperic  add,  451,  564. 
Dihydroresoroinol,  179,  287. 
Dihydroxyaoetone,  298,  299,  807. 
Dihydroxycamphoric  add,  515. 
Dihydroxymaleio  add,  806. 
Dihydroxynicotinic  acid,  548. 
Dihydroxypicolinic  acid,  542. 
Dihydroxyterephthalic  acid,  264. 
Diiodopurine,  887. 
Diketones,  condensation  of,  288,  286, 

287. 
Diketopiperazines,  127,  408,  410. 
Dilituric  acid,  868. 
Dimethylaciylic  acid,  248. 
Dimethyladipic  acid,  521. 
Dimethylalloxan,  876. 
Dimethyldlketoeydohexane,   92,  127, 

289. 
Dimethyldiketopiperazine,  92. 
Dimethylethylisamylammonium  salts, 

166. 
Dimethylgluconic  acid,  210. 
Dimethylglutaconic  acid,  179, 208,  210, 

289. 
Dimethylglutaric  acid,  515. 
Dimethyl    piperidininm     hydroxide, 

561. 
Dimethyl  protocatechuic  acid,  587. 
Dimethyl  quinogen,  276. 
Dimethylsucdnic   add,   74,  98,    182, 

285,  248. 
Dimethylurio  adds,  876,  878. 
Dimethylxanthines,  884. 
Dimethylxylidines,  sterio  hindrance, 

224. 
Diortho-adds,  228,  282. 
Dioximes.  configuration  of,  160. 
Dioxyberberine,  596. 
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Diozypurine,  872. 

Dipentene,  471,  47i,  476, 488,  626. 

Dipentene  dihydro^shloride,  127,  474. 

DiphenyUoetaldehyde,  209. 

Diphenyline,  218. 

Diphenylmethane,  276,  291. 

Biphenylthiosemicarbazides,  167. 

Dipropargyl,  486. 

DipyridyV687. 

Disacoharows,  296;  stnictore  of,  828^ 

888 ;  synthesis  of,  886. 
Dissociation  constants  of  organic  acids, 

184,284. 
Double  atoms^  6. 
Dualistie  theory,  2,  6. 
Doicitol,  78. 
Dorilic  acid,  22a 
Duroqninone,  276. 
Dwarf  pine  oil,  487. 
Dyads,  176. 
Dynamic  formulae  for  benzene,  469. 

—  hypothesis  of  Kekul^,  447. 

—  isomerism,  208. 

—  isomers,  189 ;  equilibrium  of,  198 ; 
structure  of,  198;  refiraction  and 
dispersion  of,  196;  magnetic  rota- 
tion of,  19^;  electrical  oonduotiyity 
of,  196;  density  oi^  198;  solubility 
of,  200;''  melting-point  of,  200; 
colour  of,  201 ;  absorption  si>eetra 
of,  202« 

Ecgonine,  127,  682,  683,  684. 

Ecgoninic  acid,  688. 

Edestin,  414, 420. 

ElaXdic  acid,  109,  118. 

Blastin,  401,  481. 

Electrical  conductivity  of  dynamic 
isomers,  196. 

Electrical  oscillation  of  dynamic  iso- 
mers, 198. 

Electrochemical  theory,  6. 

Emulsin,  79,  829,  888,  848. 

Enterokinase,  860,  861. 

Enzyme  action,  887;  conditions  of, 
8& ;  mechanism  of,  868. 

Enzymes,  887 ;  action  on  glucose,  880 ; 
catalytic  action  of,  840 ;  composition 
of,  841 ;  specific  action  of,  844 ; 
action  on  polysacoharoses,  844;  on 
di-  and  tri-saocharoses,  846;  on 
glucosides,  848;  on  |»>oteins  and 
purine  bases,  860;  oyanogenetic, 
860;  oxidising,  864;  glycolytic, 
867;.  reducing,  868;   clotting,  862. 

EquiyalentiL  6, 80. 

Erepsin,  860. 

Erucic  add,  109, 118, 120. 

Siythritol,  78,  807. 

Er3rthrodeztrin,  846. 

Erythrose,  88,  298,  299,  800,  807. 

Erythrozyme,  848. 

Erythrulose,  299,  800. 


Essential  oils,  471,  682. 
Esteriflcation  law,  288, 
Esters,  hydrolysis  of»  886w 
Ether,  6,  9,  14,  16,  41. 
Etherin  theory,  10. 
Ethionic  acid,  14. 
Ethozycrotonic  ester,  284. 
Ethozysuccinic  acid,  77,  104. 
Ethylbenzamide,  180,  212. 
Ethyldiacetic  acid,  860. 
Ethyl  formaniUde,  180,  212. 
Ethyl  isatin,  isomerism  oF,  179L 
Ethyl  radical,  18,  16. 
Ethyl  tartrate,  rotation  oi;  9a. 
Eucalne^  686. 

Eucalyptus  oil,  478, 486,  BS7,  SSS, 
Eucarvone,  489. 
Eugenol,  178,  680. 
Euphthalmine,  686. 
Euterpene,  210. 
Even  numbers,  law  of^  28. 
External  condensation,  845. 
Externally   compensated    oompoiuidL 
72,  74. 

Fats,  2,  8. 

Fatty  adds,  8;  esterification  of,  28L 

284. 
Fermentation,  887;    of  mono«aedia> 

roses,  826 ;   of  polyhydiie  Alcohols, 

827 ;  alcoholic,  826,  858»  S60  ;  aoatie^ 

866 ;  acid,  860 ;  butyric,  861 ;  eitrie, 

861 ;  oxalic,  861. 
Ferments,  oiiganiaed  and  unarj^nfsiwt, 

889;  intern-  and  extra-oellular,  889; 

dotting,  862. 
Fibrin,  862,  420. 
Fibrinogen,  868,  420. 
Fibrosin,  481. 
Fenohene,  471,  601. 
Fenchone,  471,  601. 
Fenchoneoxime,  601. 
Fenohyl  alcohol,  601. 
Fenohyl  chloride,  608. 
Fennel  oil,  601,  682. 
Fixed  configuration,  116, 188. 
Fluorescence,  188. 
Formaldoxime,  144. 
Formazyl  compounds,  186, 
Formose,  810. 

Formylacetic  ester,  190, 198,  368. 
Formylphenylacetic   ester,  19S;  JM, 

199,266. 
Formulae,  of  Qerhardt  and  Lsozent, 

27 ;  modem,  66. 
Fructose,  77 ;   mutarotation  q(  190 ; 

structure  o2^  296,  899 ;  iyntliesa  o( 

806,  811 ;  action  of  yeittt  on,  881^ 

860. 
Fructodde,  829. 
Fruit-sugar,  sm  Fructose^ 
Fucose,  100,  298»  810. 
Fumaric  add,  OB,  107;  coafigiuitiai 
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•12  oiL  110;  oxidation  of,  114;  invenion 

k1  of,  118, 121 ;  comparison  wiUi  cyclic 

id  aoids,  129  ;  reduction  of^  462. 

ii  umaroid  form,  110. 

1  'unetional  tautomerism,  186. 

,  *urfaraldoxime,  146. 

ci 

rifraldic  acid,  109, 118. 
ii^alactonic  acid,  78,  296,  812. 
l^alaotoBC,  77;  mutarotation  of,  100; 
I*    structure  of^  296,  298 ;  formation  of, 
I     812  ;  configaration  of,  820. 
aaUotoddes,  829,  866. 
ifOalaheptOM,  298,  801,  814. 
Oala-octose,  298,  814. 
IfQaultheraae,  848. 
Gaultheiin,  848. 
Oelaae,  844. 
Qolatin,  481. 
Geloae,  844. 
O^ntiobiaae,  849. 
Gentiobiose,  849. 

Geometrical  iBomers,  107 ;  properties 
of,  108; 'configuration  oi^  110;  in- 
▼eraion  of,  117 ;  with  multiple  double 
'bonda,  124;  combined  with  optical 
isomers,  181 ;  of  oximes,  189. 
Geranic  acid,  527. 
Geraniene,  627. 
Geraniol,  524,  626. 
Geranium  oil,  582. 
German  rose  oil,  527. 
Ginger  oil,  498. 
Globin,  412,  424. 
Globulin,  414,  418. 
Glucase,  «e«  Maltase. 
Glucoheptose,  298,  814. 
Gluoononose,  298»  814. 
Gluconic  acid,  296,  801,  812,  814,  855. 
—  lactone,  800. 
Glucoproteides,  420,  428. 
Glucosamine^  804,  419,  429,  480. 
Glucoiaminic  aoidy  429. 
Glucosazone,  808. 

Glucose,  68,  77 ;  cyanhydrins  of,  84 ; 
mutarotation  o^  100 ;  dynamic  iso- 
mers of,   199;    structure    ot,  296; 
synthesis   of,    800,   801,  812,  814; 
action  of  yeast  on,  826;  stereoisomers 
of,  826,  881. 
Glucose  phenylhydrazone,  808. 
Glooosides,  79.  880,  848,  866. 
Gluoo-octose,  298,  814. 
Glucosone,  804. 
Glucovanillic  acid,  849. 
Gluoovanillin,  849. 
Glutamic  acid,  81,  898,  400. 
Glutazine,  548. 
Glutose,  806. 
Glyceric  acid.  76, 77. 
Glyceric  aldehyde,  298,  806,  359. 
Glycerol,  2,  8. 
Qlyoerose,  806,  811. 


Glycide  esters.  272. 
Glycine,  Me  Glycoooll. 
Glycocoll,  898. 
Glyoosen  844. 

GlycoUic 'aldehyde,  298,  299,  306. 
Glycolyl  urea,  870. 
Glycolytic  enzymes,  367. 
Glycuronic  acid,  800,  480. 
Glycylalanine,  409. 
Glycylglycine,  410,  411. 
Glycylproline,  409. 
Glyozimes,  150. 

—  dicarbozylic  acid,  145, 148. 
Glyoxylurea,  870. 
Grape-sugar,  sm  Glucose. 
Guanase,  850,  852. 
Guanidine,  185,  888. 

Guanine,  850,  852, 881,  383,  386,  422. 

Guanylic  acid,  422. 

Gulonic  acid,  812,814. 

Guloee,  298,  812,  814. 

Gum  arable,  808. 

Gynooardinase,  849. 

Haematin^  412,  424. 
Haematinic  add,  427. 
Haematoidin,  426. 
Haematoporphyrin,  426. 
Haemin,  425. 
Haemocyanine,  428. 
Haemoglobin,  898,  414,  428,  424. 
Haemopyrrole,  426. 
HeUcin,  79,  880,  849. 
Heliotropin,  581. 
Hemimellitic  acid,  282. 
Hemipinic  acid,  238,  589,  593,  596. 
Heterocyclic  compounds,  tautomerism 

of,  186. 
Heteroxanthine,  884,  386. 
Hezahydrobenzene,  see  Gyclohexane. 
Hexahydfocinchomeronic  acid,  607. 
HexahydroisophthaUc  acid,  126,  250, 

456. 
Hexahydro-m-xylene,  507,  517. 

—  -p-toluic  ester,  491. 
HexahydrophthaUc  acid,  91,  126,  182. 
Hexahydropyridine,  see  Piperidine. 
Hexahydroterephthalic  acid,  126, 129, 

449,  454. 

Hexamothylbenzene,  292. 

Hexane,  462. 

Hexone  bases,  401. 

Hexoses,  295  ;  synthesis  of,  310 ;  con- 
figuration of,  819. 

Histidine,  899,  400,  405. 

Histone,  414,  417. 

Historical  introduction,  1 ;  references, 
55. 

Homapocinchene,  606. 

Homocamphoric  acid,  511. 

Homocamphoric  nitrile,  511. 

Homogentisic  acid,  854,  856. 

Homologous  compound,  SO. 
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Homophthalio  nitrile,  225. 
Homophthalimide,  649. 
Homoterpenjlio  aoid,  479,  494. 
Homoterpenylformic  acid|  494. 
Hydantoin,  869. 
Hydrastine,  586|  594. 
Hydrastinie  add,  595. 
Hydnatinine,  594. 
Hydrazones,  Biereoiaoineric,  146,  155. 
Hydrindone,  291. 
Hydrindoneozime,  213. 
Hydrobenzoin,  74,  91,  209,  278,  279. 
Hydrocafforic  aoid,  882. 
Hydrocarbons,  qrntheaia  of,  246,  256, 

290. 
Hydroearbostyril,  218,  545. 
Hydrochloric  ether,  9,  14. 
Hydroeotamine,  590. 
Hydrocydic     compounds,      aliphatic 

character  of,  457. 
Hydroecgonidine,  582. 
Hydrohydrastinine,  595. 
Hydromellitio  aoid,  125. 
Hydrouracil,  878. 
Hydrozy-acids,  action  of  phosphorus 

chloride  on,  240. 
Hydrozyazo-compounds,  183,  283. 
Hydrozybenzophenoneozime,  145, 152. 
Hydrozycaifeine,  181,  876,  882. 
Hydrozylamine  derivatives,  synthesis 

o^  257. 
Hydrozymethylene     camphor,      190, 

196,  288,  510. 
Hydrozymethylene  compounds,  284. 
Hydrozynicotinio  acid,  548. 
Hydrozypyridine,  181,  541. 
Hydrozytheobromine,  888. 
Hydrozyuracil,  874. 
Hydurilio  acid,  868. 
flygrine,  581. 
Hyosdne,  572. 
Hyosoyamine,  572,  581. 
Hypocaffdne,  882. 
Hypogaeio  acid,  109,  118. 
Hypozanthine,  852,  854,  856,  384,  886, 

889,  422. 

Icthulin,  480. 
Idltol,  814. 
Idonic  acid;  312,  314. 
Idosaccharic  add,  314. 
Idose,  814. 
Iminoethersy  225. 
Inactive  compounds,  70. 

—  divisible  type,  70. 

—  indivisible  type,  71. 
Indazole,  161. 
Indican,  348,  850. 
Indigo  ferment,  348. 
Indimxilsin,  348. 
Indolepropionic  acid,  406. 
Indozyl,  180,  350. 
Internal  compensation,  72. 


Internal  eondensation,  2S5^  291. 
Inositol,  94. 
Inulase,  844,  845. 

Tniilin^  844. 

Inverdon,    optical,   88 ;    geometriol 

117. 
Invertase,  845,  346. 
Invertin,  «m  Invertase. 
lodonium    oomponnda.     asTuuiMtzit. 

171. 
lodothyrln,  420. 
Ionic  isomerism,  161,  197. 
lonone,  275. 
Irone,  276,  682. 

Isacetophenone  ethyl  etlter,  211. 
Isaoetophorone,  287,  289. 
Isatin,  178,  180,  194. 
Isoallocinnamic  add,  HO. 
Isobarbiturio  add,  874. 
Isoborneol,  500. 
Isobomyl  chloride,  600. 
Isooamphoric  add,  91,  618. 
Isocamphoronic  acid,   289,   496,   601, 

522. 
laodnnamic  add,  110. 
Isooonine,  141. 
Isocrotonie  add,  109. 
Isodialurio  acid,  874. 
Isodibutylene,  178,  208. 
Isoeugenol,  178,  580. 
Isogeraniolene,  210. 
Isohydrobenzoin,    74;    reaolation  o^ 

75  ;  formation  of,  278. 
Isohydromellitic  acid,  125. 
laoketooamphoric  add,  496,  622. 
Isolaotose,  496,  522. 
Isolanronic  acid,  621. 
Isolaoronolic  acid,  511,  618. 
Isomaltoae,  884,  845,  846.  . 

Isomeric  change,  172 ;  reveraible,  20S;     | 

velocity  of,  204 ;  mechaniam  o^  205, 

228 ;  completed,  207. 
—  ozimes,  186. 
Isomerism,  9 ;  early  ezamplea  ol^  66 ; 

of  paraffin^  67 ;  of  laetie  acids,  58 ; 

ionic,  197. 
Isomers,  optical,  64 ;  geometrical,  107; 

optical  and  geometrical,   181;  dy- 
namic,  189;   ionic,   197;    podtioOf 

487. 
Isonitroeocamphor,  218,  610. 
Isophenylorotonic  add,  281. 
Isopulegd,  625. 
laopulegone,  625. 
Isoquinoiine,  218,  585,  649  ;  atraotai* 

o^  551 ;  alkaloids  of,  686. 
Isosafrole,  681. 
Isostilbene,  120. 
Isothi^one,  504. 
Isotropylamine,  582. 
Ivory  nut,  299. 


Japan  camphor,  sm  Camphor. 


INDEX  OP  SUBJECTS 


619 


Jasmine  oil,  582. 

iKermtiii,  414,  481. 
Ketipio  ester,  258. 
Keto-enol  tautomerism,  179. 
d-Ketohezahydrobenzoic  aoid,  488. 
Ketobezoses,  295  ;  synthesis  of,  299 ; 

oonfiguration  of,  822. 
Ketones,  synthesis  of,  258,  256,  290. 

Ketonic  esters,  condensation  of,  286. 

Ketosee,  synthesis  of,  299;  intercon- 
version  of,  805. 

Ketoaides,  829. 

Ketozlmes,  configuration  of,  149. 

Kolanin,  850. 

Kuromoji  oil,  475. 

Kyanol,  15. 

liAOoase,  842,  854. 
liactase,  845,  847,  865. 
Ljustio  add,  discovery  of,  2 ;  constitu- 
tion  of,   58 ;   racemisation  of,   61 ; 
oonfiguration  of,  66 ;  resolution  of, 
76,  77 ;  specific  rotation  of,  96 ;  fer- 
mentation of,  859,  861. 
liactide,  81,  96. 
Ijactone  tautomerlsm,  188. 
Iiactose,  mutarotation  of,  100 ;  fermen- 
tation of,  884, 845 ;  action  of  onzymes 
on,  865.  . 
JjaeVulose,  aee  Fructose. 
Lauronolio  acid,  511,  518. 
Lavender  oU,  527,  528,  588. 
Law,  of  Dulong  and  Petit,  3 ;  of  even 
numbers,  28 ;  of  substitution,  17  ;  of 
Landolt-Oudemans,  99 ;  of  esterifica- 
tion,  228,  283. 
Lemongrass  oil,  527,  588. 
Lemon  oil,  527,  582,  588. 
Lepidine,  548,  606. 

Leucine,  68 ;  resolution  of,  78  ;  race- 
misation of,  81 ;  action  of  trypsin, 
851 ;  from  gelatine,  897,  898. 
Leueol,  585. 

Levulinic  acid,  810,  422. 
Limette  oil,  527,  628. 
Limonene,  68,  81,  471,  474,  475. 
—  nitroeochloride,  127,  474. 
Linaloes  oil,  528. 
Linalol,  524,  528. 
Linalyl  acetate.  528. 
Lipase,  79,  858,'  866. 
lathic  acid,  867. 
Loiponic  acid,  607. 
Lotase,  848,  850. 
Lotusin,  848. 
Lovage  oil,  478. 
LjMtinine,  400. 
Lysine,  898,  401. 
Lyxonio  acid,  810. 
Lyxose,  298,  808. 

Magnesium  alkyl  condensations,  254. 


Magnetic  rotation^^^ynamic  isomers, 
196 ;  of  heyatfiene,  465. 

Maleic  aci^  107, 110  ;  configuration  of, 
lit,  li2;  oxidation  of  114;  in  ver- 
sion of,  118,  121 ;  comparison  with 
cyclic  acids,  1297188. 

Maleic  ester,  98,  lia 

Maleinoid  form,  110. 

Malic  acid,  2,  68,  70,  88,  85,  87,  99, 
116,  188. 

Malonylurea,  870. 

Maltase,  79,  829,  845,  846,  866. 

Maltose,  mutarotation  of,  100 ;  fermen- 
tation of,  884 ;  enzyme  action  on,  865, 
866. 

Malt-sugar,  see  Maltose. 

Mandarin  oil,  527. 

Mandellc  acid,  68,  70 ;  resolution  of, 
77y  79 ;  racemisation  of,  81 ;  proper- 
ties of,  85 ;  rotation  of  esters,  105. 

Mandellc  ester,  98 ;  isobutyl,  105. 

Mandelonitrile    glucoside,    880,    849, 

Mannitol,  68,  299,  814. 

Mannoheptose,  298,  814. 

Mannonic  acid,  812,  814. 

Mannononose,  298,  814. 

Mannooctose,  298,  814. 

Mannose,  action  of  yeast,  77  ;  cyanhy- 

drins  of,  84 ;  natural  sources  of,  297, 

298 ;  synthesis  of,  299 ;  osazone  of, 

812,  814 ;  oonfiguration  of,  819. 
Maijoram  oil,  478. 
Matricaria  camphor,  ses  Camphor. 
Mechanical  typies,  21. 
Mechanism,  of  isomeric  change,   205, 

228 ;    of  enzyme    action,  863 ;    of 

dynamic  isomerism,  200. 
Meconic  acid,  542. 
Meconine,  590,  598. 
Melibiase,  845,  847. 
Melibiose,    884;    synthesiB    of,    886; 

fermentation  of,  845. 
Melitriose,  tee  Raffinose. 
Melizitase,  845. 
Melizitose,  845, 
Mellitic  acid,  282. 
Melting-point,  of  stereoisomers,  74, 85  ; 

of  geometrical  isomers,  126. 
Menthadienes,  474,  490,  491. 
Menthane,  492. 
Menthanetriol,  477,  479. 
Menthanols,  491. 
Menthenes,  491. 
Menthenol,  491. 
Menthenone,  486. 
Menthol,  79,  84, 471,  505. 
Menthone,  526. 
Menthonyl  derivatives,  526. 
Menthylbenzoyl  formate,  84. 
Menthyl  esters,  rotation  of,  96,  97. 
Menthylhydrazine,  79. 
Mercaptans,  15,  16. 
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Meroquinene,  606. 
Mesaoonic  aoid,  98, 110,  118. 
Metitylaoetic  aoid.  229. 
Heaitylaldehyde,  227, 
Xetiiylene,  straoture  of,  488. 
Hesi^lene  oarboxylio  acid,  228,  280. 
Meaitylenio  acid,  228. 
Mesitylglyoxylio  acid,  227,  229. 
Meaitylozide,  190,  266,  278. 
Keaityloxide-ozalic  ester,  265. 
Meeoporphyrin,  426. 
Mesotartario  acid,  78;  properties  of, 

74 ;  rotation  of,  98 ;   from  maleio 

acid,  116. 
Meaozamideoxime,  isomerism  of,  201. 
Hetahemipinio  acid,  689. 
Metaldehyde,  configuration  of,  128. 
Metalepqr,  18. 
Metallic  reagents,  246. 
If  etamerism,  67,  189. 
Metaniootine,  670. 
Methaemoglobin,  424. 
Method,  me  Reaction. 
Methose,  811. 

Methoxybenzophenoneoxime,  146,  149. 
Methoxycaffeine,  212,  880. 
Methoxylepidine,  648,  606. 
Methoxysucoinio  acid,  70. 
Methylaconitic  acid,  208. 
Methylaorylieacid,  248. 
Methyladipio  aoid,  606, 629. 
Methylohloroxanthine,  886. 
Methyloonine,  664. 
Methylcyclobutane,  246. 
Methylcyolohexanone,  606. 
Methyldiobloropurine,  886. 
Methylenitan,  810. 
Methylethylpropylisobutylammonium 

chloride,  168. 
Methylethylsulphine   of  cu-bromaceto- 

phenone,  170. 
Methylsluooaides,  828. 
Methylheptenone,  628,  681. 
Methylhydantoin,  882. 
Methylinositoi,  94. 
Metbylisodialuric  acid,  879. 
a-MethylisoquinoUne,  660. 
Methylmorphimethine,  600,  602. 
Methylmorphol,  600. 
Methylpiperidine,  661. 
Methylpropylpyrrole,  428. 
Methylpyrazole,  177, 186. 
a-MeUiylpyridine,  sm  Picoline. 
o-Methylqoinoline,  aee  Quinaldine. 
7-Methylquinoline,  see  Lepidine. 
MethylnnMil,  874. 
Methylurie  acids,  878. 
Methylxanthines,  884. 
Milk-sngar,  9ee  Lactose. 
MiUon's  reagent,  896,  407. 
Mixed  types,  48. 
Mixtures  of  enantiomorphs,  86. 
Modem  structural  formulae,  66. 


Molecular  ^ypes. 

Molecular   weights,   of  BerzeUosL,  f ; 

of  Dumas,  6 ;  of  oi^anie  Jieid^  8 ;  ■ 

Gerhardt  and  Laorent,  90. 
MolSsoh's  reaction,  896. 
Monoamine  aeid%  f^m  proteiiiSy 
MonosaocharoseSy  S96  ;    atmetozv  eC 

296;  sources  of ,  899 ;  payparatioB  <<, 

299;  qmthesSaoi;S18  ; 

ot,  826,  860. 
Morphenol,  602. 
Moxphine,  78,  686,  899. 
Morphine  alkaloids,  598. 
Morphium,  8,  684. 
Moxphol,  600. 
Moxpholine,  600. 
Mocphothebalne,  601. 
Muoie  add,  78,  802,  812,  814. 
Mucins,  429. 
Mucoids,  429. 
MultiroUtion,  100. 
Murexide,  867,  870. 
Mutarotation,  100,  199. 
Myosin,  420. 
Myrosin,848. 


Naphthalane  morpholine,  601. 

Naphthalene,  structure  of,  661. 

Naphthaquinones,  666l 

Narcotine,  684,  686,  680. 

Nareclne,  686,  694. 

Neral,  624,  629. 

Nerol,  624,  629. 

NeroU  oil,  628,  682,  688. 

Neurokeratin,  481. 

Neutraliaation  law,  270. 

New  theory  of  types,  44. 

Niaouli  oil,  478. 

Nicotine,  77, 98,  686,  640,  508, 57a 

Nicotinic  acid,  640,  568. 

Nieotyrine,  668 ;  methiodide,  671. 

NitranHines,  oonTersion  of,  217. 

Nitriles,  steric  hindrance  o^  884,  287. 

Nitrooamphor,  tautomerism   ^    19i, 

206. 
Nitro-oompounds,  normal  and  pseude, 

161 ;  reduction  ot,  241. 
Nitrodiacobenzene  ethers,  188. 
Nitrodibromobenxenes,   atruetors   ct, 

441. 
Nitrogen,  stereochemistry  o^  186L 
Nitrolamides,  492. 
Nitrolic  acids,  isomerism  o^  197. 
Nitro-paraffios,  isomerism  of,  197. 
Nitro-phenols,  isomerism  of^  197, 90SL 
Nitro-pseudonitro  tantomerum,  18flL 
Nitrosamine-diaxo  tautomerism,  188L 
NitrosdUmonene,  475. 
Nitroeomethylaniiine,  conTsnion  o( 

217. 
Nitrosophenol,  178, 188, 197,  SOt^^ 
Kitrosopinene,  492. 
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:Xf itrouraoil,  874,  888. 
^Torhydrotropidiney  574,  576. 
TTorozyhydrastinine,  697. 
XYormal  nitro  compoandB,  161. 
^oipinio  acid,  494. 
XTuoleio  aoids,  858,  420,  428. 
X^Qoleiny  421. 

:K'Qoleopxoteid6t,  842,  890,  420. 
Xffacleiu  theory  of  Laurent,  18. 
XVnmerioal  value  of  rotation,  95. 


Octonicotine,  570. 

Oil  of  bitter  almonds,  M0rBenzaldehyde. 

—  olovea,  680. 

— —  Datoh  chemists,  9. 

—  wine,  9. 
defiant  gas,  9,  16. 
Olefinio  camphors,  524. 

—  terpenes,  524. 
Oleic  acid,.109,  118. 
Opianio  acid,  590,  083.    • 
Opium,  584. 

Optical  activity,  and  aqrmmetiy,  64  ; 
of  carbon  compounds,  67;  and  pseudo- 
asymmetry,  94 ;  of  benzene  deriva- 
tives, 94 ;  of  homologues,  96 ;  of 
cyclic  compounds,  96;  of  structural 
isomers,  97 ;  of  position  isomers,  97 ; 
of  stereoisomers,  98 ;  of  solutions, 
98 ;  of  non-electrolytes,  98 ;  effect  of 
added  substances,  99;  and  super- 
position, 101;  of  quinquevalent 
nitrogen,  168 ;  of  sulphur,  selenium, 
silicon,  and  tin,  169;  of  dynamic 
isomers,  199. 

Optical  enantiomorphs,  64. 

Optical  inversion,  82. 

C^»tioal  isomerism,  64 ;  combined  with 
geometrical,  181. 

Onmge  oil,  588. 

Qiganic  acids,  constitution  of,  28. 

—  analysis,  8. 

—  chemistry  in  1880, 8 ;  in  1880-1840, 
16. 

—  synthesis,  9, 
Orgimised  ferments,  889. 
Oxganometallic    compounds,    35,    87, 

261. 
Orientation,  488;    K6mer's  method, 

440. 
Origanum  oil,  528. 
Origin  of  the  radical  theory,  1. 
Ornithine,  850,  852,  898,  401. 
Orthoeamphoric  acid  derivatives,  610. 
Orthosemidine,  219. 
Osamines,  804. 
Ossxones,  stereoisomerio,  146,  156, 157, 

808. 
Oscillating  double  bond,  202,  469. 
08ones,804. 

OxaUcetic  ester.  196»  199,  267. 
Oxalic  acid,  2,  7. 


Oxalic  ester,  6,  9,  190 ;  condensations 
with,  266. 

Ozaluric  acid,  870. 

Oxalylurea,  870. 

Oxamethane,  10, 16. 

Oxamino-oximes,  505. 

Oxidases,  844,  854. 

Oximes,  properties  of,  144;  configura- 
tion 01,  148;  conversion  of,  150; 
stability  of,  158 ;  tautomerism  of,  182. 

Oxyberberine,  596. 

Oxydichloropurine,  886. 

Oxygluconio  acid,  855. 

Oxyhaemoglobin,  898,  412,  424. 

Oxyhydrastinine,  595. 

Oxynicotine,  568. 

Oxyprollne,  898. 405. 

Oigrpmines^  872. 

Papain,  842,  860,  852. 

Papaveraldine,  587,  590. 

Papaveric  acid,  587,  590. 

Papaverine,  586. 

Papaveroline,  587,  590. 

Paraban  series,  870. 

Parabanic  acid,  875. 

Paraffins,  synthesis  of,  86,  251  ;  iso- 
merism of,  57. 

Paralactic  acid,  65. 

Paraldehyde^  128. 

Para-linkages,  449. 

Parasemidine,  219. 

Paraxanthine,  884,  886. 

Partially  racemic  compounds,  87. 

Partial  racemisation,  81. 

Pectase,  862. 

Pectin,  844. 

Pectinase,  844. 

Penicillium  ^ucum,  76,  77,  168. 

Pennyroyal  oil,  504 

Pentamethylaminobenzene,  224. 

Pentamethylbenzoic  acid,  224. 

Pentamethylbenzonitrile,  224. 

Pentamethylenediamine,  416,  559. 

Pentitol,  810. 

Pentonic  acid,  810. 

Pentoses,  295 ;  preparation  of,  808, 
810  ;  configuration  of,  817. 

Peppermint  oil,  588. 

Pepsin,  889,  848,  850. 

Peptones,  409. 

Peroxidases,  857. 

Petitgndn  oU,  528. 

PheUandrene,  81,  471,  485. 

Phenmoipholine,  601. 

Phenolglucoside,  885. 

Phenolurethane,  218. 

Phenylalanine,  899,  406. 

Phenylammonium  salts,  167, 168. 

Phenylangelic  acid,  282. 

Phenylatioonic  acid,  110. 

Phenylbenzamidines,  185. 

Phenylbromaoetic  acid,  70,  81. 
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Phenylorotonio  acid,  281,  282. 
Phenylenediamines,  stniotare  of,  441. 
Phenylmeti^ylacridiJiiam  chloride, 

197. 
Phenylmethylpyrazole,  186,  216. 

—  pyrazolone,  174, 187. 

—  quinoline,  647. 

—  solentine  bromide,  170. 
Phenylnitramine,  217. 
Phenylnitrometlutne,  182, 196. 
PhenylnitroBamine,    tautomerism   of, 

168. 
Phenylparaconiolaotone,  281. 
Phenyltetrose,  298,  308. 
PhUlyrin,  830. 
Phloretin,  349. 
Phloridzin,  880,  349. 
Phloroglucinol,  tautomerism  of,  179, 

184,  194. 
Phorone,  278, 
Phosphoproteins,  414,  480. 
Phosphorus  chloride,  action    on   hy- 

droxy-acids,  240. 
Phyllocyanin,  426. 
Physical  properties  and  structure  of 

beniene.  461. 
Physical  theory  of  fermentation. 
Picoline,  276,  638,  539,  574. 
Pinacoline  conversion,  209. 
Pinaoone  condensation,  277. 
— -  cox^yersion,  209. 
Pinane,  473. 

Hnene,  81,  471,  473,  482. 
-—  hydrochloride,  493. 

—  nitrosochloride,  492 
Pine-needle  oil,  486,  633. 
Pinic  acid,  493. 
Pinite.  94. 

Pinol,  493,  497. 

a-Pinonic  acid,  493,  497. 

Pinoylformic  acid,  493. 

Piperic  acid,  461.  659,  563. 

Piperidine,  536,  559. 

Piperidone,  662. 

Piperidylurethane,  562. 

Piperine,  658,  564. 

Piperonal,  631,  663. 

Piperonaldozime,  145 

Piperonyl  group,  663. 

Piperonylic  acid,  563. 

Piperylene,  661. 

Plane-symmetric,  110. 

Platinum  compounds  of  Zoise,  10. 

Polybasio  acids,  theory  of,  23. 

Polyhydric  alcohols,  fermentation  of, 

827. 
Polymerism,  67. 
Polypeptides,  861,  410« 
Polysaocharoses,  62. 
Populin,  299. 

Potassium  myronate,  Me  Sinigrin. 
Potential  tautomerism,  248. 
Prehnitic  acid,  232. 


Press  juice,  860. 

Primary  nuclei,  18L 

Prism  formula,  446. 

Product  of  asymmetry,  108. 

Proline,  81,  898,  404. 

Propionaldozime,  144, 164. 

Propiopropionic  ester,  364. 

a-Propylpiperidine,  666. 

a-Prbpylpyridine,  640. 

Prosthetic  groups,  413,  420. 

Protamines,  414,  416;  hydrolysis  of, 
416. 

Proteases,  362. 

Proteides,  418,  420. 

Proteins,  360,  392;  composition  of, 
393;  molecular  weight  of,  898;  re- 
actions of,  396 ;  formation  ot,  410 ; 
classification  of,  412;  unclassified. 
431. 

Protones,  417. 

Pseudo-acids,  197. 

Pseudo-ammonium  bases,  197. 

Pseudo-asymmetry,  of  open*chain 
compounds,  89;  of  cyclic  com- 
pounds, 93. 

Paeudoconhydrine,  664. 

Paeudodiazonium  compounds,  161. 

Pseudohyoscyamine,  672. 

Pseudoionone,  275. 

Pseudomorphine,  698,  689. 

Ptoudonitro  compounds,  161. 

Pseudo-symmetry,  92. 

Pseudouric  acid,  876. 

Ptyalin,  sse  Diastase. 

Pulegone,  81,  604,  625. 

Purine,  872,  886. 

Purine  compounds,  867. 

Pyridine,  586,  686 ;  structure  of,  661 ; 
alkaloids  of,  568. 

—  carboxylic  acids,  540. 

Pyridinium  methiodide,  687. 

Pyridone,  181,  641. 

Pyridylpyrrole,  671. 

Pyromellitic  acid,  282. 

Pyrones,  642. 

I^rrole,  686^ 

Pyrrolidine  barbozylio  acid,  sm  Proline. 

Pyruvic  acid,  in  asymmetric  synthesis, 
84  ;  configuration  of  the  oxime,  166. 

Quebraehite,  94. 

<)ueroitrin,  299,  330. 

Quinaldine,  276,  64& 

Quinene,  606. 

Quinic  acid,  81. 

Quinide,  81. 

Quinine,  78;  pyrotartrate,  88;  dis- 
covery of,  634;  decomposition  of, 
586 ;  structure  of,  604. 

Quininic  acid,  649,  604. 

Quinitol,  127. 

Quinoline,  544 ;  structure  of,  561 ; 
steric  hindrance,  238. 
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Qainolinie  aoid,  540,  544. 

Quinolylphenol,  606. 

Quinone,  taatomerism  o^  187. 

QuinoneoximM,  145,  178,  188,  197. 

Qniuotoxine,  608. 

Qainqueyalent  nitrogen,  stereochem- 

istry  o^  168. 
4)uitenine,  605. 


Bacemio  acid,  exystalline  form  of,  62 ; 
optical  propertiea  of,  62 ;  oonfigttra- 
tion  of,  72;  resolation  of,  75;  pro- 
perties of,  85;  ester  of,  98;  from 
famaric  acid,  115. 

—  oompoands,  71,  74,  85. 

Baoemisation,  80. 

Badical,  of  benzoic  acid,  1 ;  simple  and 
compound,  8;  attempts  to  isolate, 
84,  58 ;  polyatomic,  49. 

Badical  theory,  origin  of,  1;  growth 
of,  11. 

Baifinase,  845,  847. 

Baffinose,  299,  845. 

Beaetions  of,  Adamkiewicz-Hopkins 
896;  Beckmann,  149,  218;  Glaisen 
274,  288 ;  Ourtius,  682 ;  Fenton,  299 
Fischer,  408;  Fittig,  246;  Frank 
land,  251;  Friedel-Grafts,  289 
Qrignard,  264;  Knoevenagel,  285 
Mennier,  806 ;  Michael,  288 ;  Millon 
896, 407 ;  Molisch,  896;  Perkin,  sen. 
279;  Perkin,  jun.,  249;  Beformatsky 
258;  Beimer,  581;  Buff,  801;  Skraup 
647;  Streoker,  400;  Tollens,  809 
Wislicenus,  247 ;  Wohl,  801 ;  Wurtz, 
245. 

Beductases,  844,  858. 

Beduction  of  nitro-compounds,  241. 

Refraction,  of  dynamic  isomers,  196 ; 
of  benzene  hydrocarbons,  462. 

Relative  asymmetry,  180. 

Rennin,  848,  862. 

Residues,  theory  of,  26. 

Resolution,  of  inactiye  compounds,  74 ; 
by  ciystallization,  75;  by  bio- 
chemical methods,  76;  by  active 
substances,  77 ;  of  tervalent  nitrogen 
compounds,  140 ;  of  quinquevalent 
nitrogen  compounds,  167. 

Reversible  isomeric  change,  208. 

Revertose,  846,  866. 

Rhamnase,  848. 

Rhamnoheptose,  298,  814. 

Rhamnohexonic  acid,  814. 

Rhamnohexoae,  298,  814. 

Rhamno-octose,  814. 

Rhamnoses,  mutarotation  of,  100; 
number  of,  298;  sources  of,  810, 
814 ;  configuration  of,  828 ;  enzyme 
action  on,  848. 

Rhamnotetrose,  298,  825. 

Ribonic  acid,  802,  809. 


Ribose,  298,  808. 

Rosanilines,  sterio  hindrance  in  pre- 
paring, 240. 

Rosemary  oil,  588. 

Boae  oil,  588. 

Rotation,  n>ecifio  and  molecular,  95 ; 
numerical  value  of,  95;  of  non- 
electrolytes,  98 ;  of  electrolytes,  99 ; 
influence  of  boric  acid  and  other 
salts  on,  99,  100. 

Buberythric  acid,  848. 

Russian  turpentine,  492. 

Saccharic  acid,  68,  80,  300,  814. 

Saccharoses,  295. 

Safrole,  581. 

Sago  oil,  508,  528,  588. 

Salicin,  299,  880,  849. 

Salicylaldehyde,  580. 

Salicylaldozime,  154. 

Salicyl  radical,  12. 

Salmine,  414, 416. 

Saponin,  880. 

Sassafras  oil,  588. 

Scombrine,  416. 

Secondary  alcohols,  synthesis  of,  252. 

—  bases,  acetylation  of,  238. 

Secretin,  852. 

Selective  fermentation,  76. 

Selenium,  asymmetric  compounds  of, 
170. 

Sels  copulas,  27. 

Semidine  conversion,  219. 

Sericin,  481. 

Serine,  898,  402. 

Serum  globulin,  419. 

Sesquiterpenes,  471. 

Silicon,  asymmetric  compounds  of,  171. 

Sinigrin,  294,  848. 

Sobrerol,  493,  497. 

Sodamide,  as  condensing  agent,  272. 

Sodium  ethozide,  as  condensing  agent, 
265. 

Solubility  of  racemic  compounds  and 
mixtures,  187 ;  of  dynamic  isomers, 
200. 

Solvent,  influence  on  rotation,  98. 

Sorbitol,  814. 

Sorbose,  296,  299,  806. 

Sorbose  bacterium,  299,  807,  827,  866. 

Space  formula  of  nitrogen,  168,  164; 
of  cyclic  compounds,  90,  126 ;  of  un- 
saturated compounds,  106 ;  of  oximes. 
142;  of  diazo-compounds,  160;  of 
benzene,  465 ;  Kekul4's,  465 ;  Baeyer*s, 
466;  Vaubel's,  466;  Sachse^s,  466. 

Spearmint  oil,  476,  628,  688. 

Specific  rotation,  95. 

Spectra,  see  Absorption  spectra. 

Spike  oil,  498,  628. 

Spiraea  oil,  581. 

Spongin,  482. 

Stability  limit  of  dynamic  isomers,  201. 
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Star  anise  oil,  688. 

StereochemiBtry,  of  carbon,  64 ;  of  nn- 
satarated  compounda,  106 ;  of  cyclic 
componndii  106,  126;  of  nitrogen, 
186;  of  diazo-componnds,  167;  of 
quinqneyalent  nitrogen,  163;  of 
selenium,  Bilioon,  sulphur,  and  tin, 
169. 

Stereoisomeric,  carbon  compounds, 
68;  aldozimes,  146;  ketoximes,  146; 
dioximes,  146;  quinoneoximes,  146; 
hydroximic  acids,  147;  hydrazones, 
166;  osazoneSy  166;  thiosemicar- 
bazides,  167. 

Stereoisomers,  number  of,  88. 

Sterio  hindrance,  224 ;  in  ester  forma> 
tion,  228;  in  hydrolysis  of  amides, 
286;  of  acyl  chlorides,  286;  of 
cyanides,  287;  in  the  union  of  acyl 
Sondes  and  alcohols,  287;  in  the 
formation  of  alkylammonium  iodides, 
288;  in  acetylation  of  secondary 
bases,  288 ;  in  the  action  of  nitrous 
and  nitric  acid  and  diazo-salts  on 
aromatic  amines,  289 ;  in  the  action 
of  benxaldehydes  on  aromatic  amines, 
289 ;  in  the  formation  of  rosanilines, 
240;  in  the  action  of  phosphorus- 
chloride  on  hydrexy-acids,  240;  in 
the  reduction  of  nitro-compounds, 
241 ;  in  '  Yerkettungen ',  241. 

StUbazoline,  141. 

Stilbene  dibromide,  120. 

Structure  of,  apocinchene,  606 ;  atro- 
pine,    672,     681;     benzene,     442 
berfoerine,    696;     camphene,    498 
camphor,   606 ;     carvestrene,    487 
cinchonlne,  604  ;  cinchotoxine,  608 
eitral,  627;   cocaine,  681;   codeine 
599 ;  conine,  664 ;  cotamine,  691 
disaocharoses,  888 ;  dipentene,  476 
ecgonine,     6iB2 ;      fenchene,     601 
glucose,  880;  hydrastine,  694;  hydro- 
cotamine,  691;   isoquinoline,   651 
llmonene,  476 ;  meroquinene,  607 
monosaccharoses,    296 ;     morphine 
699;    naphthalene,  651;    naroelne 
694;  narootine,  690;  nicotine,  668 
opianie  acid,  698 ;  papayerine,  686 
pheUandrene,    486;     pinene,    492 
piperic  acid,    668;    piperine,  668 
pvdegone,  604 ;  pyridine,  661 ;  quin- 
ine, 604 ;    quinoline,    561 ;    sylyes- 
trene,  487 ;  thebalne,  608 ;  terpinene, 
486;  terpinolene,  484 ;  thi:gene,  608; 
tropic   acid,  679;    uric    acid,    870; 
xanthine  bases,  880. 

Strychnine,  78,  684,  585. 

Sturine,  416. 

Suberone,  676,  684. 

Substituted  acetic  acids,  esterification 
of,  284. 

Substitution,  theory  of,  17;  law  of,  17. 


Substrate,  844. 

Succinosuocinic  ester,  179,  194,  264, 
490. 

Sncrase,  sm  InTortaae. 

Sucrose,  884. 

Suffars,  295;  artificial,  298,  813. 

SuTphovinic  acid,  9,  11,  14. 

Sulphur,  asymmetric  compounds  oil 
169. 

Superposition,  see  Optical  sapar- 
position. 

Swedish  turpentine  oil,  487,  492. 

SylTestrene,  471,  487. 

I^n-oompounds,  148. 

Synthesis  of,  aoetoacetic  ester,  260; 
adenine,  887,  889;  atropine,  673; 
caffaine,  886;  camphor,  611;  cam- 
phorio  acid,  515;  camphoronic  acid, 
269;  cane-sugar,  886;  carvestrene, 
489;  eitral,  628;  citric  acid,  269; 
cocslne,  684;  conine,  666;  cysteine, 
408;  cystine,  408;  dipentene,  488; 
ecgonine,  684 ;  fructose,  811 ;  g^aeoe- 
smine,  429 ;  glucose,  811 ;  guanine, 
887;  hexteroxanthine,  886;  hypox- 
anthine,  887 ;  isocamphoronic  acid, 
289;  isolauronolic  acid;  isoquino- 
line, 649;  limonene,  483;  lysine, 
401;  mannoae,  311;  meUbiose^  IM ; 
nicotine,  670 ;  omiUiine,  401 ;  para- 
xanthine,  886;  piperic  acid,  564; 
piperine,  669;  pyridine,  686;  quino- 
line, 646;  terpin,  488;  tetpin/sol, 
483;  theobromine,  386;  theophyl- 
line, 886 ;  tropic  acid,  680 ;  tropine, 
576;  tyrosine,  407;  uracil,  878; 
uric  acid,  874 ;  xanthine,  887,  38& 

Synthesis,  asymmetric,  84* 

Synthetic  formation  of,  acida^  848, 
260 ;  alcohols,seoondary  and  tertiary, 
262,  266;  aldehydes,  256;  amides, 
257  ;  amino-acids,  899 ;  bioses,  806  ; 
cycUc  compounds,  246,  249;  dike- 
tones,  285 ;  disaccharoses,  885 ;  hex- 
oses,  810;  hydrocarbons,  261,  265; 
hydroxylamine  deriyatiTes,  257 ; 
ketones,  268,  256;  ketonic  acids^ 
247;  monosaccharoses,  299;  panf- 
fins,  86,  246,  251,  256;  pentoses, 
808 ;  polybasio  acids,  260,  288 ;  poly- 
peptides, 12  ;  tetroses,  807 ;  trioses, 
806;  unsaturated  acids,  279;  un- 
saturated alcohols,  274;  unsaturated 
ketones,  278,  274;  xanthine  basM, 
884. 

Syringin,  380. 

Tagatose,  806,  814. 
Talonic  acid,  812. 
Talose,  298,  312. 
Tanacetone,  see  Thujone. 
Tannase,  348. 
Tannins,  848. 
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Tuiay  oil,  508,  588. 

Tartario  acid,  isomeriam  of,  61 ;  pro- 
perties of,  74 ;  physiological  action 
of,  77 ;  raoemisation  of,  80,  81 ;  par- 
tial raoemisatioa  of,  87 ;  rotation  of 
in  solution,  99;  oonflguration  of, 
885. 

Tautomerism  of,  178;  virtual  and 
ftinctional,  186;  theories  of,  202; 
potential,  248;  of  uric  acid,  879. 

Terebenthene,  492. 

Terebic  acid,  496. 

Terephthalic  acid,  282 ;  reduction  of, 
451. 

Terpenes,  471;  classification  of,  472; 
monocyclic,  474  ;  bi-cyclic,  492. 

Terpenylic  acid,  479,  494. 

Terpin,  127,  477,  480,  488,  526. 

Terpinene,  471,  486,  526. 

Terplneol  (m.  p.  85^,  471,  474,  478, 
480,  488  (m.  p.  70^),  484. 

Terpinolene,  471,  488. 

Tertiary  alcohols,  synthesis  of,  258. 

Tenralent  nitrogen,  stereochemistry 
of,  186 ;  resolution  of,  140. 

Tetra-alkylammonium  salts,  165. 

Tetradiloropnrine,  889. 

Tetrahydrobenzene,  462. 

Tetrahydrocarveol,  476. 

Tetrahydroearvone,  476. 

Tetrahydroeucarvone,  490. 

Tetrahydroisoquinoline,  556. 

Tetrahydronaphthols,  558. 

Tetrahydronaphthylamines,  558. 

Tetra^iydropapaverine,  88. 

Tetrahydrophthalio  acids,  126,  456. 

Tetrahydroquinoline,  556. 
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